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INHIBITORS OF GLYCOGEN SYNTHASE KINASE 3 



Field of the Invention 
This invention relates to new pyrumdine and pyridine derivatives that inhibit the 
activity of glycogen syntiiase kinase 3 (GSK3) and to pharmaceutical compositions 
containing the compounds and to the use of the compoiinds and compositions, alone or in 
combination with other pharmaceutically active agents. The compounds and compositions 
provided by the present invention have utility in the treatment of disorders mediated by 
GSK3 activity, such as diabetes, Alzheimer's disease and .other neurodegenerative 
disorders, obesity, atherosclerotic cardiovascular disease, essential hypertension, polycystic 
ovary syndrome, syndrome X, ischemia, especially cerebral ischemia, travimatic brain 
injury, bipolar disorder, irmnunodeficiency and cancer. 

Backgroimd of the Invention 
Glycogen synthase kinase 3 (GSK3) is a serine/threonine kinase for which two 
isoforms, a and P, have been identified. Woodgett, Trends Biochem, 5cz., 16:177-81 
(1991). Both GSK3 isoforms are constitutively active in resting cells. GSK3 was 
originally identified as a kinase that inhibits glycogen synthase by direct phosphorylation. 
Upon insulin activation, GSK3 is inactivated, thereby allowing the activation of glycogen 
sjTithase and possibly other insulin-dependent events, such glucose transport. 
Subsequently, it has been shown that GSK3 activity is also inactivated by other growth 
factors that, like insulin, signal through receptor tyrosine kinases (RTKs). Examples of 
such signaling molecules include IGF-1 and EGF. Saito et al., Biochem. J., 303:27-31 
(1994); Welsh et al., Biochem. J. 294:625-29 (1993); and Cross et al,, Biochem. J., 303:21- 
26 (1994). 
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Agents that inhibit GSK3 activity are useful in the treatment of disorders that are 
mediated by GSK3 activity. In addition, inhibition of GSK3 mimics the activation of 
growth factor signaling pathways and consequently GSK3 inhibitors are usefiil in the 
treatment of diseases in which such pathways are insuflSciently active. Examples of 
diseases that can be treated with GSK3 inhibitors are described below. 

Diabetes. 

Diabetes mellitus is a serious metabolic disease that is defined by the presence of 
chronically elevated levels of blood glucose (hyperglycemia). This state of hyperglycemia 
is the result of a relative or absolute lack of activity of the peptide hormone, insulin. 
Insulin is produced and secreted by the B cells of the pancreas. Insulin is reported to 
promote glucose utilization, protein synthesis, and the formation and storage of 
carbohydrate energy as glycogen. Glucose is stored in the body as glycogen, a form of 
polymerized glucose, which may be converted back into glucose to meet metaboUsm 
reqxurCTients. Under normal conditions, insulin is seoreted at both a basal rate and at 
15 enhanced rates following glucose stimulation, all to mamtain metabolic homeostasis by the 
conversion of glucose into glycogen. 

The term diabetes mellitus encompasses several different hyperglycemic states. 
These states include Type 1 (insulin-dependent diabetes mellitus or IDDM) and Type 2 
(non-insulin dependent diabetes mellitus or NIDDM) diabetes. The hyperglycemia present 
20 in individuals with Type 1 diabetes is associated with deficient, reduced, or nonexistent 
levels of insulin that are insufficient to maintain blood glucose levels within the 
physiological range. Conventionally, Type 1 diabetes is treated by administration of 
replacement doses of insulin, generally by a parental route. Since GSK3 inhibition 
stimulates insulin-dependent processes, it is consequently useful in the treatment of type 1 
25 diabetes. 

Type 2 diabetes is an increasingly prevalent disease of aging. It is initially 
characterized by decreased sensitivity to insulin and a compensatory elevation in 
circulating insulin concentrations, the latter of which is required to maintain normal blood 
glucose levels. Increased insulin levels are caused by increased secretion fi-om the 

30 pancreatic beta cells, and the resulting hyperinsulinemia is associated Avith cardiovascular 
complications of diabetes. As insulin resistance worsens, the demand on the pancreatic 
beta cells steadily increases imtil the pancreas can no longer provide adequate levels of 
insulin, resulting in elevated levels of glucose in tihe blood. Ultimately, overt 
hyperglycemia and hyperlipidemia occur, leading to the devastating long-tenn 

35 complications associated with diabetes, including cardiovascular disease, renal failure and 
blindness. The exact mechanism(s) causing type 2 diabetes are unknown, but result in 
impaired glucose transport into skeletal muscle and increased hepatic glupose production, 
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in addition to inadequate insulin response. Dietary modifications are often ineffective, 
therefore the majority of patients ultimately require pharmaceutical intervention in an 
effort to prevent and/or slow the progression of the complications of tiie disease. Many 
patients can be treated with one or more of the many oral anti-diabetic agents available, 
including sulfonylureas, to increase insulin secretion. Examples of sulfonylurea drags 
include metformin for suppression of hepatic glucose production, and troglitazone, an 
insulin-sensitizing medication. Despite the utility of these agents, 30-40% of diabetics are 
not adequately controlled using these medications and require subcutaneous insulin 
injections. Additionally, each of these therapies has associated side effects. For example, 
sulfonylureas can cause hypoglycemia and troglitazone can cause severe hepatoxicity. 
Presently, there is a need for new and improved drugs for the treatment of prediabetic and 
diabetic patients. 

As described above, GSK3 inhibition stimulates insidin-dependent processes and is 
consequently useful in the treatment of type 2 diabetes. Recent data obtained using lithium 
salts provides evidence for this notion. The lithium ion has recently been reported to 
inhibit GSK3 activity. Klein et al., PNAS 93:8455-9 (1996). Since 1924, lithium has been 
reported to have antidiabetic effects including the ability to reduce plasma glucose levels, 
increase glycogen uptake, potentiate insulin, up-regulate glucose synthase activity and to 
stimulate glycogen synthesis in skin, muscle and fat cells. However, lithium has not been 
widely accepted for use in the inhibition of GSK3 activity, possibly because of its 
documented effects on molecular targets other than GSK3. The purine analog 5- 
iodotubercidin, also a GSK3 inhibitor, likewise stimulates glycogen synthesis and 
antagonizes inactivation of glycogen synthase by glucagon and vasopressin in rat iiver 
cells. Fluckiger-Isler et al., Biochem / 292:85-91 (1993); and Massillon et al., Biochem J 
299:123-8 (1994). However, this compound has also been shown to inhibit other 
serine/threonine and tyrosine kinases. Massillon et al., Biochem ^299:123-8 (1994). 

One of the main goals in the management of patients with diabetes melUtus is to 
achieve blood glucose levels as close to normal as possible. In general, obtaining normal 
postprandial blood glucose levels is more difficult than normalizing fasting hypergilycemia. 
In addition, some epidCTcdological studies suggest that posQnrandial hyperglycemia (PPHG) 
or hyperinsulinemia are independent risk factors for the development of macrovascular 
complications of diabetes mellitus. Recently, several drugs with differing 
pharmacodynamic profiles have been developed which target PPHG. These include insulin 
lispro, amylin analogues, alpha-glucosidase inhibitors and meglitinide analogues. Insulin 
lispro has a more rapid onset of action and shorter duration of efficacy compared with 
regular human insulin. In clinical trials, the use of insulin lispro has been associated with 
improved control of PPHG and a reduced incidence of hypoglycemic episodes. 
Repaglinide, a meglitinide analogue, is a short-acting insulinotropic agent which, when 
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given before meals, stimulates endogenous insulin secretions and lowers pos^randial 
hyperglycaemic excursions. Both insulin lispro and repaglinide are associated with 
postprandial hyperinsulinaemia. In contrast, amylin analogues reduce PPHG by slowing 
gastric emptying and delivery of nutrients to the absorbing surface of the gut. Alpha- 
glucosidase inhibitors such as acarbose, ndglitol and voglibose also reduce PPHG 
primarily by interfering with the carbohydrate-digesting enzymes and delaying glucose 
absorption. Yamasaki et al., Tohoku J Exp Med 1997 Nov;183(3):173-83. The GSK 
inhibitors of the present invention are also useful, alone or in combination with the agents 
set forth above, in the treatment of postprandial hyperglycemia as well as in the treatment 
of fasting hyperglycemia. 

Alzheimer's Disease. 

GSK3 is also involved in biological pathways relating to Alzheimer's disease (AD). 
The characteristic pathological features of AD are extracellular plaques of an abnormally 
processed form of the amyloid precursor protein (APP), so called B-amyloid peptide (6- 
AP) and the development of intracellular neurofibrillary tangles containing paared helical 
filaments (PHF) that consist largely of hyperphosphorylated tau protein. GSK3 is one of a 
number of kinases that have been found to phosphorylate tau protein in vitro on the 
abnoraial sites characteristic of PHF tau, and is the only kinase also demonstrated to do this 
in living cells and in animals. Lovestone et al.. Current Biology 4:1077-86 (1994); and 
Brownlees et si., Neuroreport 8: 3251-3255 (1997). Furthermore, the GSK3 kinase 
inhibitor, LiCl, blocks tau hyperphosphorylation in cells. Stambolic et al,. Current Biology 
6:1664-8 (1996). Thus GSK3 activity may contribute to the generation of neurofibrillary 
tangles and consequently to disease progression. Recently it has been shown that GSK3B 
associates with another key protein in AD pathogenesis, presenillin 1 (PSl), Takashima 
et., PNAS 95:9637-9641 (1998). Mutations in the PSl gene lead to increased production of 
6-AP, but the authors also demonstrate that the mutant PSl proteins bind more tightly to 
GSK36 and potentiate the phosphorylation of tau, which is bound to the same region of 
PSL 

Interestingly it has also been shown that another GSK3 substrate, 6-catenin, binds 
to PSl. Zhong et al.. Nature 395:698-702 (1998). CytosoUc B-catenin is targeted for 
degradation upon phosphorylation by GSK3 and reduced B-catenin activity is associated 
with increased sensitivity of neuronal cells to 6-AP induced neuronal apoptosis. 
Consequently, increased association of GSK3B with mutant PSl may account for the 
reduced levels of B-catenin that have been observed in the brains of PSl-mutant AD 
patients and to the disease related increase in neuronal cell-death. Consistent with these 
observations, it has been shown that injection of GSK3 antisense but not sense, blocks the 
pathological effects of 6-AP on neurons in vitro, resulting in a 24 hr delay in the onset of 
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cell death. Takashima et al., PNAS 90:7789-93. (1993). In these latter studies, the effects 
on cell-death are preceded (within 3-6 hours of 6-AP administration) by a doubling of 
intracellular GSK3 activity, suggesting that genetic mechanisms may increase GSK3 
activity. Further evidence for a role for GSK3 in AD is provided by the observation that 
5 the protein expression level (but, in this case, not specific activity) of GSK3 is increased by " 
50% in postsynaptosonnal supematants of AD vs. normal brain tissue. Pei et al., / 
Neuropathol Exp 56:70-78 (1997). Thus, it is beheved that specific inhibitors of GSK3 " 
will act to slow the progression of Alzheimer's Disease. . v 

Other CNS disorders 

10 In addition to the effects of Uthium described above, there is a long history of the 

use of lithium to treat bipolar disorder (manic depressive syndrome). This clinical 
response to lithium may reflect an involvement of GSK3 activity in the etiology of bipolar ^ 
disordCT, in which case GSK3 inhibitors could be relevant to that indication. In support of 
this notion it was recently shown that valproate, another drug commonly used in the 

15 treatment of bipolar disorder, is also a GSK3 inhibitor. Chen et al., /. Neurochemistry 
72:1327-1330 (1999). One mechanism by which lithium and other GSK3 inhibitors may 
act to treat bipolar disorder is to increase the survival of neurons subjected to aberrantly 
high levels of excitation induced by the neurotransmitter, glutamate. Nonaka et al., PNAS 
95: 2642-2647 (1998). Glutamate-induced neuronal excitotoxicity is also believed to be a 

20 major cause of neurodegeneration associated with acute damage, such as in cerebral 
ischemia, traumatic brain injury and bacterial infection. Furthermore it is believed that 
excessive glutamate signaUng is a factor in the chronic neuronal damage seen in diseases 
such as Alzheimer's, Huntingdon's, Parkinson's, AIDS associated dementia, amyotrophic 
lateral sclerosis (AML) and multiple sclerosis (MS). Thomas, J. Am. Geriatr. Soc. 43: 

25 1279-89 (1995). Consequently GSK3 inhibitors are believed to be a useful treatment in ♦ 
these and other neurodegenerative disorders. 

Immune potentiation 

GSK3 phosphorylates transcription factor NF-AT and promotes its export firom the 

nucleus, in opposition to the effect of calcineurin. Beals et al.. Science 275:1930-33 (1997). 
30 Thus, GSK3 blocks early immune response gene activation via NF-AT, and GSK3 

inhibitors may tend to permit or prolong activation of immune responses. Thus GSK3 

inhibitors are believed to prolong and potentiate the immunostimulatory effects of certain 

cytokines, and such an effect may enhance the potential of those cytokines for tumor 

immxmotherapy or indeed for immunotherapy in general. 
35 Other disorders 

Lithium also has other biological effects. It is a potent stimulator of hematopoiesis, 

both in vitro and in vivo. Hammond et al.. Blood 55: 26-28 (1980). In dogs, Uthium 
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carbonate eliminated recurrent neutropenia and normalized other blood cell counts. Doukas 
et al. Exp Hematol 14: 215-221 (1986). If these effects of lithium are mediated through the 
inhibition of GSK3, GSK3 inhibitors may have even broader applications. 

Since inhibitors of GSK3 are useful in the treatment of many diseases, the 
5 identification of new inhibitors of GSK3 woxdd be highly desirable. 

Summary of the Invention 
It has nov/ been surprisingly discovered that glycogen synthase kinase 3 (GSK3) 
activity can be inhibited in vitro or in vivo by certain pyrimidine and pyridine based 
derivatives. Accordingly, the present invention provides new compounds, compositions 
10 and methods of inhibiting the activity of GSK3 in vitro and of treatment of GSK3 mediated 
disorders in vivo. In one aspect, the present invention provides new compounds having 
GSK3 inhibition activity of the following formula (I): 




(D 
wherein: 

15 W is optionally substituted carbon or nitrogen; 

X and Y are independently selected from the group consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryl or heteroaiyl; 

Ri, R'l, R2, R2, R3, R'3, R4 and R4 are independently selected from the group 
20 consisting of hydrogen, hydrOxyl, and optionaUy substituted loweralkyl, cycloloweralkyi, 
cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl, and R'l, R2, R'3 and R'4 are independently selected from the group consisting of 
hydrogen, and optionally substituted loweralkyl; 
25 R5 and R7 are independently selected from the group consisting of hydrogen, halo, 

and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, 
aminoalkoxy,alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, hetero- 
aiylcarbonylamino, heteroaralkylcaibonylamino, cycloimido, heterocycloimido, amidino, 
cycloamidino, heterocycloamidino, guanidinyl, aryl, biaiyl, heteroaryl, heterobiaryl, 
30 heterocycloalkyl, and axylsulfonanudo; 

R6 is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl. 
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loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
heteroaralkylcarbonyl,alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 
heteroarylcarbonyloxy, heteroaralkylcarbonyloxy, alkylaminocarbonyloxy, arylamino- 
carbonyloxy, fonnyl, loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, 
aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino, heteroarylamino, 
alkylcarbonylamino, alkylaininocarbonylanuno, aiylaiiiinocarbonylamino, aralkyl- 
carbonylaxnino, heteroarylcarbonylamino, arylcarbonylamino, heteroaiylcarbonylamino 
cycloamido, cyclothioamido, cycloamidino, heterocycloainidino, cycloimido, 
heterocycloimido, guanidinyl, aryl, heteroaryl, het^ocyclo, heterocycloalkyl, aiylsulfonyl 
and aiylsulfonamido; 

and the pharmaceutically acceptable salts thereof 

Presently particvilarly preferred and novel compounds of the invention are provided 
by the compounds of formulas (IV) and (V): 




wherein X, Ri-Re, and Rg-Rw have the meanings described above, and R15 is selected fix)m 
the group consisting of hydrogen, nitro, cyano, amino, alkyl, halo, haloloweralkyl, 
alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and arylsulfonyl, and the pharmaceutically 
acceptable salts thereof. 

The methods, compounds and compositions of the invention may be employed 
alone, or in combination with other pharmacologically active agents in the treatment of 
disorders mediated by GSK3 activity, such as in the treatment of diabetes, Alzheimer's 
disease and other neurodegenerative disorders, obesity, a&erosclerotic cardiovascular 
disease, essential hypertension, polycystic ovary syndrome, syndrome X, ischemia, 



wo 02/20495 



-8- 



PCT/USOl/42081 



especially cerebral ischemia, traumatic brain injury, bipolar disorder, inamimodeficiency or 
cancer. 

Detailed Description of the Preferred Embodiment 
In accordance with the present invmtion, compoimds, compositions and metiiods 
are provided for the inhibition of glycogen synthase kinase 3 (GSK3) activity, either in 
vitro or in vivo. In one aspect, the present invention provides new compounds having 
GSK3 inhibition activity of the following formula (I): 



R2 




wherein: 

10 W is optionally substituted caibon or nitrogen; 

X and Y are independently selected from the group consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryl or heteroaryl; 

Ri, R'l, R2, R'2, R3, R3. R4 and R4 are independmtiy selected from the group 

15 consisting of hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, 
cyclicaminoallqrl, aliylaminoalkyl, loweralkoxy, amino, alkylamino, dkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroaiylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl, and R*i, R'2, R 3 and R'4 are independently selected fix)m the group consisting of 
hydrogen, and optionally substituted loweralkyl; 

20 Rs and R? are independently selected from the group consisting of hydrogen, halo, 

and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, 
alkylamino, aralkylamino, heteroaralkylamino, arylamino, heteroarylamino cycloimido, 
heterocycloimido, an^iidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, 
heteroaryl, heterobiaryl, heterocycloalkyl, and aiylsulfonamido; 

25 R6 is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 

nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, alkylamino- 
carbonyloxy, arylaminocaibonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbonyl, 

30 aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamide, aminoalkoxy, alkylamino, 
heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino, aiylamino- 
carbonylamino, aralkylcarbonylamino, heteroaralkylcarbonylamino, arylcarbonylamino. 
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heteroarylcarbonylamino cycloamido, cyclothioamido, cycloamidino, heterocycloamidino, 
cycloimido, heterocycloimido, guanidinyl, aiyl, heteroaryl, heterocyclo, heterocycloalkyl, 
arylsulfonyl and arylsulfonamido; 

and the phaxmaceutically acceptable salts thereof. 

In one presently preferred embodiment of the invention, at least one of X and Y is 
nitrogen. Representative compounds of this group include those compounds in which one 
of X and Y is nitrogen and the other of X and Y is oxygen or optionally substituted carbon. 
Preferably, both X and Y are nitrogen. 

The constituent A can be an aromatic ring having from 3 to 10 carbon ting atoms 
and optionally 1 or more ring heteroatoms. Thus, in one embodiment, A can be optionally 
substituted carbocyclic aryl Alternatively, A is optionally substituted hetaroaryl, such as, 
for example, substituted or unsubstituted pyridyl, pyrimidinyl, thiazolyl, indolyl, 
imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl, 
purinyl, naphthyl, benzothia2X)lyl, benzopyridyl, and ben2inudazolyl, which may 
substituted with at least one and not more than 3 substitution groups. Rq)resentative 
substitution groups can be independently selected from the group consisting of, for 
example, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidino, sulfonamido, carboxyl, formyl, loweralkyl, haloloweralkyl, 
loweralkoxy, haloloweralkoxy, loweralkoxyalkyl, loweralkylaminoloweralkoxy, 
loweralkylcarbonyl, loweraralkylcarbonyl, lowerheteroaralkylcarbonyl, alkylthio, 
aminoalkyl and cyanoalkyl. 

In a presently particularly preferred embodiment of the invention, A has the 
formula: 



(H) 

wherein R« ?ind R9 are independently selected from the group consisting of hydrogen, 
hydroxy, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidinyl, sulfonamido, carboxyl, formyl, loweralkyl, aminolowsralkyl, 
loweralkylammoloweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraiallsyl- 
cafbonyl, lowerheteroaralkylcarbonyl, alkylthio, aiyl and, aralkyl. Most preferably, A is 
selected from the group consisting of ammopyridyl, nitropyridyl, aminonitropyridyl, 
cyanopyridyl, <yanothiazolyl, aminocyanopyridyl, trifluoromethylpyridyl, methoxypyridyl, 
methoxynitropyridyl, methoxycyanopyridyl and nitrothiazolyl. 
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In other embodiments of the invention at least one of Ri, R'l, R2, R'2, R3, R3', R^, 
and R4 may be hydrogen, or unsubstituted or substituted loweralkyl selected from the 
group consisting of haloloweralkyl, heterocycloaminoalkyl, and loweralkylamino- 
loweralkyl; or loweralkylaminoloweralkyl. Presently preferred embodiments of the 
invention include compounds wherein Ru R'l, R2, R 2, R3, Ra'and R4 are hydrogen and R'4 
is selected from the group consisting of hydrogen, methyl, ethyl, aminoethyl, 
dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazmylethyl and 
moipholinylethyl. 

Other presently preferred compounds of the invention include compounds of 
formula Q) wherein at least one of R5 and R7 is selected from the group consisting of 
substituted and unsubstituted aiyl, heteroaryl and biaiyl. In presently preferred 
embodiments, at least one of R5 and R7 is a substituted or unsubstituted moiety of the 
formula: 




%7y. — 



(HI) 

wlierein Rio, Rn, R12, R13, and Rm are indepoidently selected from the groiq> consisting of 
hydrogen, nitro, amino, cyano, halo, thioamido, carbojQrl, hydroxy, and optionally 
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkpxy, 
aminoalkyl, alkylamino, aminoalkylalkynyl, alkylaminoalkylalkynyl, alkylthio, 
alkylcarbonylamino, aralkylcarbonylannno, heteroaralkylcarbonylamino, 

aiylcarbonylamino, heteroarylcarbonylanaino aminocaAonyl, loweralkylaminocarbonyl, 
aminoaralkyl, , loweralkylaminoalkyl, aryl, heteroaiyl, cgrcloheteroalkyl, aralkyl, 
alkylcarbonyloxy, arylcarbonyloxy, aralkylcaibonyloxy, arylcarbonyloxyalkyl, 
alkylcarbonyloxyalkyl, heteroarylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, and 
heteroaralkcarbonyloxyalkyl. Presently particularly preferred compounds are obtained 
wherein Rio, Rn, R13, and R14 are hydrogen and R12 is selected from the group consisting 
of halo, loweralkyl, hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl, 
alkylaminocarbonyl and cyano; Rn, R13, and Rh are hydrogen and R,o and R12 are 
independently selected from the group consisting of halo, loweralkyl, hydroxy, 
loweralkoxy, haloloweralkyl and cyano; Rio, Rn, R13, and R,4 are hydrogen and R^ is 
heteroaryl; Rio, Rn, R13, and Rm are hydrogen and R12 is a heterocycloalkyl; and wherein 
at least one of Rio, Rn, R12, R13, and Rm are halo and flie remainder of Rio, Rn, R12, R13, 
and Rm are hydrogen. Preferably, at least one of R5 and R7 is selected from the group 
consisting of dichlorophenyl, difluorophenyl, trifluoromethylphenyl, chlorofluorophenyl. 
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bromochlorophenyl, ethylph^yl, methylchlorophCT.yl, imidazolylphenyl, cyanophenyl, 
morphlinophenyl and cyanochlorophenyL 

In representative embodiments of the invention, may be substituted alkyl, such 
as, for example, aralkyl, hydroxyalkyl, aminoalkyl, aminoaralkyl, carbonylaminoalkyl, 
5 alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, aralkylcarbonylanfiinoalkyl, 
aminoalkoxyalkyl and arylaminoalkyl; substituted amino such as alkylamino, 
allsylcaxbonylamino, alkoxycarbonylamino, arylalkylanaino, arylcarbonylamino, 
alkylthiocarbonylamino, arylsulfonylamino, heteroarylamino alkylcarbonylamino, 
arylcarbonylamino, heteroaxylcarbonylamino, aralkylcarbonylamino, and 

10 heteroaralkylcarbonylamino; or substituted carbonyl such as unsubstituted or substituted 
aminocarbonyl, alkyloxycarbonyl, aryloxycarbonyl, aralkyloxycarbonyl and alkylamino- 
aUsyloxycarbonyl. In other embodiments. Re may be selected from the group consisting of 
anoidino, guanidino, cycloinddo, heterocycloinudo, c^cloanudo, heterocycloamido, 
cyclothioamido and heterocycloloweralkyl. In yet other embodimCTits, may be aryl or 

15 heteroaryl, such as, for example, substituted or unsubstituted pyridyl, pyrimidinyl, 
piperazinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, 
thienyl, furanyl, quinolinyl, pyrrolyopyridyl, benzofliiazolyl, benzopyridyl, benzotriazolyl, 
and benzimidazolyl. In yet other embodiments. Re may be a monoketopip^razinyl group 
having the structure: 

N A 

wherein R15 and R16 are independently selected from the group consisting of hydrogen, 
loweralkyl, loweralkynyl, aryl, heteroaryl, arylloweralkyl, loweralkylarylloweraikyl, 
haloloweralkyl, haloarylloweralkyl carbocyclic and heterocyclic; or Rg can be taken with 
anotiier R15 or with R15 to form a carbocyclic, heterocyclic or aryl ring; and o is an integer 
25 between 1 and 6. In representative ^bodiments of this aspect of the invention, R15 is 
loweralkyl, such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, iso-butyl or 
t-butyl, or Ri5 is taken with R^^ to form a group having the structure: 




O' ^ or 
Presently preferred, representative compounds of this group include, for example, 
30 1 -[2- {[2<{6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl} amino)ethyl]anuno} -4-(2,^ 

dichlorophenyl)-5-pyrimidinyl]-2-piperazinone, l-[2-{[2-({6-amino-5-[hydroxy(oxido)- 
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amino]-2-pyridinyl}amino)ethyl]ammo}-4-(2,4-dicMoiophenyl)-5-pyriim 
methyl-2-piperazinone, l-[6-{[2-({6-ainino-5-[hydroxy(oxido)amino]-2-pyridinyl}amino)- 
ethyl]amino}-2-(2,4-dicMorophenyl)-3-pyridinyl]-4-methyl-2-piperazinone, l-[2-{[2-({6- 
amino-5-|lxydroxy(oxido)aniino]-2-pyridinyl}amino)ethyl]ainino}-4-(2,4-dicmor^^ 
5 5-pyriimdinyl]-4-methyl-2-piperazmone, 6-[(2-{[6-(2,4-dicMorophenyl)-5-(4-methyl-2- 
oxo-1 -piperazinyl)-2-pyridinyl]aiiiino} ethyl)aiiuno]nicotmonitrile, 1 -[6- {[2-( {6-amino-5- 
[hydroxy(oxido)ammo]-2-pyridinyl}amino)e%l]amino}-2-(4-ethylphenyl)-3-pyridinyl]-4- 
methyl-2-piperazinone, 6-[(2-{[6-(4-ethyIphenyl)-5-(4-methyI-2-oxo-l-piperazmyl)-2- 
pyridinyl]amino}ethyl)ammo]nicotmonitrile, 6-({2-[[6-(4-ethylphenyl)-5-(4-methyl-2-oxo- 

10 l-piperazinyl>2-pyridinyl](me%l)ainino]e&yl}ainino)nicotmoiiitrile, 6-[(2-{[4-(2,4- 
dicMorophmyl)-5-(4-methyl-2-oxo-l-piperazmyl)-2-pyrimidinyl]amino}e^^ 
nicotinonitrile, l-E6-{[2-({6-ammo-5-[hydroxy(oxido)ammo]-2-pyridinyl}aiiimo)ethyl]- 
animo}-2-(2,4-difluorophenyl)-3-pyridinyl]-4-methyl-^2-pipeimmone, 4-[6-{[2-({6-ammo- 
5-[hydroxy(oxido)amino]-2-pyridinyl} aiiuno)ethyl]ainino} -3-(4-methyl-2-oxo-l - 

15 piperazmyl)-2-pyridinyl]benzonitrile, I-[6-{[2-({6-ainino-5-[hydroxy(oxidoi)aimhG]-2- 
pyridinyl} amino)ethyl]amino} -2-(2,4-dichloroplienyl)-3-pyridinyl]-4-isopn)pyl-2- 
piperazinone, 1 -[6- { [2-( {6-ammo-5-[hydroxy(oxido)ainino]-2-pyridmyl} amino)ethyl]- 
amino} -2-(2,4-dichlorophenyl)-3-pyridinyl]-4-ethyl-2-piperazinone, 1 - {6- { [2-( {6-ainino- 
5-(>ydroxy(oxido)ainino]-2-pyridinyl}ainmo)ethyl]amino}-2-[2-(trifluoromethyl^ 

20 3-pyridinyl}-4-me1hyl-2-piperazinone, l-[6-{[2-({6-aiiuno-5-[hydroxy(oxido)amino]-2- 
pyridinyl}amino)ethyl]aiiuno}-2-(2-bromophenyl)-3-pyridinyl]-4-methyl-2-piper^ 
l-[6-{[2-({6-aniino-5-[hydroxy(oxido)amino]-2-pyridinyl}amino)propyl]amino}-2-(2,4- 
dichloroph6nyl)-3-pyridinyl]-4-methyl-2-piperazinone, l-[6-{[2-({6-ammo-5-[hydroxy- 
(oxido)ainino]-2-pyridinyl}aiiiino)propyl]amino}-2-(2,4-dicWorophenyl)-3-pyridin^^ 

25 methyl-2-piperazmone, l-[6-{[2-({6-ammo-5-[hydroxy(oxido)amino]-2-pyridinyl}amino)- 
l-methylethyl]ammo}-2-(2AdicMorophenyl)-3-pyridinyl]-4-methyl-2-piperazinoM i-[6- 
{[2-({6-aimno-5-|Thydroxy(oxido)ainino]-2-pyridinyl}anuno)-l-methyl^^ 
(2,4-dicIilorophenyl)-3-pyridinyl]-4-methyl-2-piperazmone, l-[6- {[2-({6-ammo-5- 

[hydroxy(oxido)ainmo3-2-pyridinyl}aiiuno)-l , 1 -dimethyletiiyl]amino} -2-(2,4-dichloro- 

30 phenyl)-3-pyridmyl]-4-methyl-2-piperazinone, l-[6-{[2-({6-aniino-S-[hydroxy(oxido)- 
aniino]-2-pyridinyl}animo)eftiyl][2-(l-pym)Kdinyl)ethyl]ammo}-2-(2,4-dicMoro 
3-pyridinyl3-4-methyI-2-piperazinone, l-[6-[3-({6-amino-5-[hydroxy(oxido)aimno]-2- 
pyridinyl} amino)propyl]-2-(2,4-dicmorophenyl)-3-pyridinyl]-4-methyl-2-piperazinone, 1 - 
[6-[[2-({6-amino-5-|>ydroxy(oxido)aiiimo]-2-pyridinyl}ammo)elhyl](methyl)amino]-2- 

35 (2,4-dichlorophenyl)-3-pyridinyl]-4-methyl-2-piperazinone, l-[6-[2-({6-amino-5- 
|liydroxy(oxido)ammo]-2-pyridinyl}amino)ethoxy]-2-(2.4-dicmorophenyl)-3-pyridinyl]- 
methyl-2-piperazinone, l-[6-{[2-({6-ainino-5-[hydroxy(oxido)amino]-2-pyridmyl}oxy)- 
ethyl]ainino}-2-(2,4-dichlorophenyl)-3-pyridinyl]-4-methyl-2-pipera2anone, l-[6-{[2-({6- 
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aiiiino-5-[hydroxy(oxido)ainino]-2-pyridinyl}amino 

aiiiino}-2-(2,4-dicWorophenyI)-3-pyridmyl3-4-methyl-2-^^ l-[6-{[2-({6-amino- 
5-[hydroxy(oxido)amino]-2-pyridinyl} amino)ethyl]amino} -2-(2,4-dichlorophenyl)-3- 
pyridinyl]-2-piperazinone, 1 -[6- { j;2-( {6-ainino-5-Piydroxy(oxido)aiiiino]-2-pyridinyl} - 
5 amino)ethyl]ainino}-2-(2,4-dicWorophenyl)-3-pyridinyl]-^ 1- 
[6- {[2-( {6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl} amino)ethyl]amino} -2-(2,4- 
dicMorophenyl)-3-pyridinyl]-4-cyclohexyl-2-pipei^^ l-[6-{[2-({6-aimno-5- 
[hydroxy(oxido)aimno]-2-pyridinyl} axiiino)ethyl]ainino} -2<4-bromophenyl)-3-pyri 
4-methyl-2-piperazinone, l-[6-{[2-({6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl}- 
1 0 ainino)ethyl]aniino}-2-(2,4-dicWorophenyl)-3.pyridm^ 1 - 

(2<2,4-dichlorophenyl)-6-{[2-({5-[>ydroxy(oxido)aniino]-6-^^ 

ethyl]ammo}-3-pyridmyl)-4-methyl-2-pipera2m l-(2-(2,4^ichloroph€nyl>6-{[2-({5- 
[hydroxy(oxido)amino]-2-pyridinyl} ainino)ethyl]amino} -3-pyridinyl)-4-mefhyl-2- 
piperazinone, 4-[6- { [2-( {6-amino-5-|Tiydroxy (oxido)ammo]-2-pyridinyl} amino)ethyl]- 
1 5 ainino}-3-(4-methyl"2-oxo-l "piperazinyl)-2-pyridmyl]benzamide, 2-[6- {[2-( {6-amino-5- 
[hydroxy(oxido)ainino]-2-pyridinyl}aniino)ethyI]aiim 

pyridinyl]hexahydropyiTolo[l,2-a]pyrazin-3(4H)-one, l-[6-{[2-({6-amino-5-[hydroxy- 
(oxido)amino]-2-pyridinyl} ammo)ethyl]amino} -2-(2,4-dichlorophenyl)-3-pyridinyl]-4- 
(inethylsulfonyl)-2-piperazinone, 4-acetyl-l"[6-{[2-({6«aimno-5~|>ydroxy(oxido)ainino]- 
20 2-pyridinyl}ainino)ethyl]amino}-2-(2,4-dicUorophenyl)-3-pyridm^ 2-[6- 
{[2-({6-amino-5-[>ydroxy(oxido)ammo]-2-pyridinyl}aii^ 

dicMoro^henyl)-3-pyridinyl]hexahydropyrrolo[l,2-a]pyr 2-[6-{[2-({6-' 
amino-5-[hydroxy(oxido)ainino]-2-pyridinyl}ainino)e&^^ 

3-pyridinyl]hexahydropyiTolo[l,2-a]pyrazin-3(4H)-one, 2-[6-{[2.({6-ainino5-[hydroxy- 
25 (oxido)aiiiino]-2-pyridinyl}ainino)ethyl]ami^^ 

hexahydropyrrolo[l,2-a]pyra2m-l(2H)-one, 2-[6-{[2-({6-amino-5-[hydroxy(oxido)amino]- 
2-pyridinyl}aimno)ethyl]amino}-2-(2,4-dicMorophenyl>^ 

[l,2-a]pyrazm-l(2H)-one, l-[6-{[2-({6-amino-5-(lydn)xy(oxido)ainino]-2-pyri^ 
amino)e&yl]amino}-2-(2,4-difluorophenyl)-3-pyridiny^ 4.[6-.{[2- 
30 ({6 

-a3iuno-5-[hydroxy(oxido)animo]-2-pyridinyl}amino)ethyl]a 
piperazinyl)-2-pyridinyl]benzonitrile, 1 -[6- {[2-( {6-ai3aino-5-[hydroxy(oxido)ainino]-2- 
pyridinyl} ainino)propyl]amino} -2-(2,4-dicUorophenyl)-3-pyrid 

piperazinone, 1 -(6- { [2-( {6-amino-5-(>ydroxy(oxido)ainino]-2-pyridinyl } amino)ethyl]- 
amino}-2-phenyl-3-pyridinyl)-4"methyl-2-piperazinone, l-[6-{[2-({6-ainino-5-[hydroxy- 
35 (oxido)aniino]-2-pyridinyl}amino)ethyl]arQino}-2-(4-cW^ 

2-piperazinoiie, 3-amino-l -[6- {[2-( {6-amino-5"I>ydroxy(oxido)amino]-2-pyridinyl} - 
anuno)ethyl]ainino}-2-(2,4-dicWorophenyl)-3-pyridinyy l-[6-{[2-({6- 
ainino-5-|>ydroxy(oxido)ainino]-2-pyridinyl}ainino)e 
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pyridmyl]-4-methyl-2-piperazinone, 1 -[6- {[2-({6-ainino-5-[hydroxy(oxido)amino]-2- 
pyridmyl}amino)ethyl]ammo}-2-(2,4-dicMorophenoxy)-3-pyTidmyl]-4-methyl^^ 
piperazinone, i-[6-{[2-({6-amino-5-|tydroxy(oxido)amino]-2-pyridinyl}amino)ethyI]- 
aimno}-2-(2,4-dicUorophenyl)-3-pyridinyl]-4-(2,2,2-trifluoroethyl)-2-piperazmo 4-[6- 
5 {[2-({6-ammo-5-[hydroxy(oxido)amino]-2-pyridinyl}amino)ethyl]amino}-2-(2,4-dicW^ 
phenyl)-3-pyridinyl]-3-inorpholinone, l-{6-[2-(6-Anaino-5-mtro-pyridiii-2-ylamino)- 
ethylaiiuno]-[2,3']bipyridinyl-3-yl}-4-methyl-pipera2m-2-one, l-[6-{[2-({6-amino-5- 
Ihydioxy(oxido)ajnmo]-2-pyridmyl}amino)ethyl]ammo}-2-(2,4-dicWon)ph^ 
pyridinyl]-2-piperidinone, l-[6-{[2-({6-ainino-5-[hydroxy(oxido)amino]-2-pyridinyl}- 
1 0 ainino)ethyl]ainmo} -2-(4-cWoro-2-methylphenyl)-3-pyridmyl]-4-methyl-2-piperazmone, 
l-[6-{[2<{6-aniino-5-|>ydroxy(oxido)aiiiino]-2-pyridinyl}amino)ethyl]aiiim 
meflioxyphaiyl)-3-pyridinyl]-4-methyl-2-piperazinone, and l-[6-{[2-({6-ainino-5- 
(Tiydroxy(oxido)ammo]-2-pyridmyl} ammo)ethyl]aiiuno}-2-(3- 
methyl-2-piperaaiione. 

15 As used herein, representative heterocyclo groups include, for examplef "'those ' 

shown below (where the point of attachment of the substituent group, and the other 
substituent groups shown below, is through the upper left-hand bond). These heterocyclo 
groups can be further substituted and may be attached at various positions as will be 
apparent to those having skill in the organic and medicinal chemistry arts in conjunction 

20 with the disclosvnre herein. 

O O 



L Xh -n-^ 

o 



o 

NH2 




o 



a 




25 Representative heteroaryl groups include, for example, those shown below. These 

heteroaryl groups can be further substituted and may be attached at various positions as 
will be apparent to those having skill in the organic and medicinal chemistry arts in 
conjunction with the disclosure h^ein. 
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Representative cycloimido and heterocycloimido groups include, for example, 
fliose shown below. These cycloimido and heterocycloimido can be further substituted and 
may be attached at various positions as will be apparent to those having skill in the organic 
and medicinal chemistry arts in conjunction with the disclosure herein. 



10 
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Representative substituted amidino and heterocycloamidino groups include, for 
example, those shown below. These amidino and heterocycloamidino groups can be further 
substituted as will be apparent to those having skill in the organic and medicinal chemistry 
arts in conjunction with the disclosure herein. 



Representative substituted alkylcarbonylamino, alkyloxycarbonylamino, 
aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those 
shown below. These groups can be further substituted as will be apparent to those having 
skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein. 



""NH ^ ^NH I "NH 



^N^ ^OH 




NH , o^S-^^^ 



10 



O****^^^^'"^-^ OH 

Representative substituted aminocarbonyl groups include, for example, those 
shown below. These can heterocyclo groups be further substituted as will be apparent to 
those having skill in the organic and medicinal chemistry arts in conjunction with the 
15 disclosure herein. 






HN 



^ OH 



1 



Representative substituted alkoxycarbonyl groups include, for example, those 
shown below. These alkoxycarbonyl groups can be further substituted as will be apparent 
20 to those having skill in the organic and medicinal chemistry arts in conjunction with the 
disclosure herein. 
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Presently particvilarly preferred compounds of the invention include compounds 
having the structure: 

^^8 Rl3 




wherein X, Ri-Re, and Rs-Rh have the meanings described above, and the 
pharmaceutically acceptable salts thereof. Presently preferred, representative compounds 
of this group include, for example, [4-(4-imidazolylphenyl)pyrinaidin-2-yl]{2-[(5-nitro(2- 
pyridyl))amino]ethyl) amine, 4-[5-imidazolyl-2-({2-[(5-mtro(2-pyridyl))amino]ethyl>- 
amino)pyrimidin-4-yl]benzenecarbomtrile, 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))ainino]- 
ethyl>anuno)-5-imidazolylpyrimidin-4-yl]ben2enecarbomtrile, [4-(2,4-dichlorophenyl)-5- 
imidazolylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine, 4-[2-({2-[(5-nitro-2- 
pyridyl) amino]ethyl} amino)-7a-hydro-l ,2,4-triazolo[ 1 ,5-a]pyrimidin-7-yl]benzene- 

carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))aniino]ethyl } [4-(2,4-dichlorophenyl)-5- 

imidazolylpyrimidin-2-yl]amine, [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2- 
yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine, 6-[(2- {[4-(2,4-dichlorophenyl)-5- 

miidazolylpyrimidin-2-yl]ammo} ethyl)amino]pyTidine-3-carbonitrile, [5-benzotriazolyl-4- 
(2,4-dic5hlorophenyl)pyrinudin-2-yl] {2-[(5-nitro(2-pyridyI))amino]ethyl} amine, [2-( {2-[(6- 
amino-5-nitro(2-pyridyl))ammo]ethyl}amino)-4-(2,4-dichlorophenyl)pyriimdin-5-yl]- 
methan-l-ol, [4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)- 
pyrimidm-5-yl]methan-l-ol, 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]efhyl}amino)-4- 
(2,4-dichlorophenyl)pyrimidin-5-yl]isoindoline-l ,3-dione, [5-amino-4-(2,4-dichloTO- 
phenyl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amine, {2-[(6-amino- 
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5-nitro(2-pyridyl))ainmo]ethyl}[4-(2,4-dichlorophenyl)-5-m 

amine, {2-[(6-ainmo-5-mtro(2-pyridyl))ainino]ethyl}{4-(2,4-dic^ 

(trifluorometliyl)(l ,23,4-tetraazolyl)]pyrimidin-2-yl}a 1 -[2-( {2-[(6-amino-5-nitro(2- 

pyridyl))amino] ethyl} amino)-4-(2,4-dichlorophenyl)pyririiidin--5-yl] pyrrolidine-2,5-dione, 

[4"(2,4-dicUorophenyl)-5-pyrazolylpyriiiiidin-2-yl]{2-[(5 

amine, [4-(2,4-dichlorophenyl)-5-(4-methylimidazolyl) pyriniidin-2-yl] {2-[(5-nitro(2- 
pyridyl))ainino]ethyl}amine, [4-(2,4-dichlorophenyl)-5-(2,4-dimethyl. 
imidazolyl)pyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]et^^^ 6-[(2-{[4-(2,4- 
dicMorophenyI)-5-indda2X)l-2-ylpyrimidin-2-yl]aniino } ethyl)amino]pyridine-3- 
carbonitrile, {2-[(6-anaino-5-nilro(2-p3^dyl))amino]efhyl}[4-(2,4-di 
(moipholin-4-ylmethyl)pyrimidin-2-yl]ainine, {2-[(6-amino-5-nitro(2"pyridyl))amino]- 
ethyl} [4-(2,4-dicUorophenyl)-5-pipCTBzinylpyrinudin-2-yl]amine, {2-[(6-amino-5-nitro(2- 
pyridyl))amino]et]iyl}[4-(4-ethylphenyl)-5-inudazo^^^^ l.[4-(2,4- 
dichloK>phenyl)-2-({2-[(5-mtro(2-pyridyl))amino]eth^^ 

pyridin-2-one, [5-benzimidazolyl-4-(2,4-dicMorophenyl)pyrimidin-2-yl]{2-[(5-m^ 
pyridyl))aniino]ethyl} amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4- 

dicWorophenyl)-5-imidazolylpyrimidin-2-yl]methylaniine, {2-[(6-ainino-5-nitro(2- 
pyridyl))amino]ethyl}[4-(2,4-dicWorophenyl)-5-(4-pyridyl)pyrm {2-[(6- 
amino-5-nitro(2-pyridyl))aniino]ethyl}[4-(2,4-dicMorophenyl)-5-(4-me&^^ 
pyrimidin-2-yl]amine, [4-(2,4-diclilorophenyl)-5-(2-methylimidazolyl) pyricnidin-2-yl] {2- 
[(5-mtro(2-pyridyl))amino]ethyl} amine, {2-[(6-aniino-5-mtro(2-pyridyl))amino]ethyl}[4-- 
(2,4-dicWorophenyl)-5-(2-metiiylimidazolyl)pyriniidin-2-yl]ain^ {2-[(6-amino-5- 
mtro(2-pyridyl))amino]ethyl}[4-(2,4-dicMorophenyI)-5-(4-phenyl^ 
yl]amine, {2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dicMorophenyl)-5-(2,4 
dimethylinaidazolyl)pyrinudin-2-yl]aniine, [4-(2,4-dicMorophenyl)-5-imidazol-2- 
ylpyrimidin-2-yl](2- {[5-(trifluoromethyl)(2-pyridyl)]amino } ethyl) amine, [4-(2,4- 
dichlorophenyl)-5-piperazinylpyriniidin-2-yl]{2-[(5-mtro(2-^ 
[4-(2,4-dicWorophenyl)-5-imidazolylpyrimidin-2-yl][2-(dimethyl^^ 
nitro(2-pyridyl))amino]ethyl}amine, l-[2<{2-[(6-aniino-5-nitro(2-pyridyl))aniino]ethyl}- 
amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]-4-methylpiperazine-2,6-d^^ [4-(2,4- 
dicMorophenyl)-5-(l-methylimidazol-2-yl)pyrimidin-2-yl]{2-[(5-^ 

amino]ethyl} amine, 1 -[2-( {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4- 
dicWorophenyl)pyrimidin-5-yl]-3-morpholin-4-ylpyrrolidine-2,5-dione, l-[4-(2,4- 
dichlorophenyl)-2-( {2-[(5-mtro(2-pyridyl))amino]ethyl} amino)pyiimidin-5-yl]-4-methyl^ 
pipera2ine-2,6-dione, 1 -[2"( {2-[(6-amino--5-nitro(2-pyridyl))anuno]ethyl} amino)-4-(2,4- 
dicMorophenyl)pyrimidin-5"yl]-3--(dimethylamino)pyrrolidine-2,5-dione, {5-imidazol-2- 
yl-4-[4-(triflnoromethyl)phenyl]pyrinudin-2-yl} {2-[(5-nitro(2-pyridyl))amino]- 
ethyl}amine, {2-[(6-amino.5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-5-(l- 
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metliyIimidazol-2-yl)pyrimidin-2-yl]ainme, [4-(2,4-dichlorophenyl)-5-(4-methyl- 
pipei:azmyl)pyriiiudm-2-yl] {2-[(5-mtro(2-pyridyl))ainino]ethyl} ainine, [4-(2,4-dichloro- 
phenyl)-5-(morpholm-4-ylme1iiyl)pyrimidin-2-yl]{2-[(5-mtro(2-^ 
amine, [4-(2,4-dicUorophenyl)-5-(4-methylimidazol-2-yl)pyrinMdm-2-yl]{2-[^^ 
5 pyridyl))amino]ethyl}amine, {2-[(6-ammo-5-iiitro(2-pyridyl))ainino]ethyl}[4-(2,4- 
ditMorophenyl)-5-(4-methylimida2ol-2-yl)pyrimidin-2-yl]aii^ {2-[(6-ainino-5-mtro(2- 
pyridyl))ainmo]efliyl}[4-(2-cMorophenyl)-5-iinida2ol-2-ylpyrimidi^^ [4-(2- 
cWoro-4-fluorophenyl)-5-inudazol-2-ylpyrimidm-2-yl]{2-[(5-^^ 

ammo]efliyl} amin^ [4-(2,4-dicMorophaiyl)-5-imidazolylpyrimidin-2-yl] {2-[(5-mtro(2- 
10 pyridyl)) aiiiino]ethyl}(2-pym)lidmylethyl)amine, [4-(2,4-didilon>phfinyI)-5-iinida2oIyl- 
pyriinidm-2-yl](2-morpholin-4-ylethyl) {2-[(5-nitro(2-pyridyl))amino]etliyl} amine, 6-[(2- 
{[4-(2,4-dicWorophenyl>5-(4-methylinudaz»l-2-yl)pyrimidin-2-^^^ 

pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))anuno]ethyl} [4-(2-chloio-4- 
fluorophaiyl)-5-imidazol-2-yIpyrimidin-2-yl]amine, [4-(4-ethylphenyl)-5-imidazol-2- 

15 ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine, [5-((lE)-l-aza-2-morpholin- 
4-ylprop-l-enyl)-4-(2,4-dicWorophenyl)pyriniidin-2-yl]{2-[(6-amino-5-mtro(2-pyridyl))- 
amino]ethyl} amine, N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl>- 
amino)pyrimidin-5-yl]acetamide, [4-(2,4-dichloroplienyl)-5-iinidazol-2-ylpyrimidin-2- 
yl] {2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl} amine, 6-[(2- {[4-(2,4-dichIorophenyI)- 

20 5-inuda2olylpyrimidin-2-yl]metliylamino}ethyl)amino]pyridine-3-carbonitrile, 6-[(2- {[4- 
(2,4-dichlorophenyl)-5-imida2»l-2-ylpyrimidin-2-yl]methylamino}ethyl)ainino]pyridine-3^ 
c5aibonitrile, [4-(2,4-dicW(m)phmyl)-5-imidazol-2-ylpyrimidin-2-yl3methyl{2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine, 6-[(2- {[4-(2-chloro-4-fluorophenyl)-5-imida2ol-2- 

ylpyriniidin-2-yl3amino} efliyl)amino]pyridine-3-carbonitrile, [4-(4-chlorophenyl)-5- 

25 imidazoI-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))ainino]e1±iyl}amin {2-[(6-amino-5- 
nitro(2-pyridyl)) amino]ethyl}[4-(4-cWoro-2-methylphenyl)-5-imida2ol-2-ylpyrimidin-2- 
yl]amine, {2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl} [4-(4-bramo-2-chlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yI]amine, 6-[(2- {[4-(4-bromo-2-chlo«)phenyl)-5-imidazol-2- 
ylpyriinidin-2-yl]amino}ethyl)aniino]pyridine-3-caibomtrile, 6-[2-({2-[(6-amino-5-mtro(2- 

30 pyridyl))amino]ethyl} amino)-4-(2,4-dichloiophenyl)pyrimidin-5-yl]-3-pyirolino[3,4- 

b3pyridine-5,7-dione, N-[2-({2-[(6-amino-5-nito)(2-pyridyl))amino]elhyl}amino)-4-(2,4- 
dichlorophenyl)pyrimidin-5-yl]-2-(methylamino)acetamide, {2-[(6-amino-5-mtro(2- 
pyridyl))ainino]ethyl}[4-(4-bromo-2-cWorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2- 
yl]amine, 6-[(2- {[4-(4-bromo-2-cWorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]- 

35 amino} ethyI)amino]pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))amino]- 

ethyl} [4-(2-cWoro-4-fluorophenyl)-5-(4-methylimida2»l-2-yl)pyrimidin-2-yl]amine, and 6- 

[(2-{[4K2,4-dicUorophenyl)-5-(5-cWoro-2-oxohydropyridyl)pyrinndin-2-yl]amino}eth 
amino]pyridine-3-carbonitrile. 
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Other presently particularly preferred compounds of the invention include 
compounds having the structure: 




R3 

Ris 

(V) 

wherein X, RrRe, and Rg-Rn have the meanings described above, and R15 is selected from 
5 the group consisting of hydrogen, nitro, cyano, amino, alkyl, halo, haloloweralkyl, 
alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and aiylsulfonyl, and the phaimaceutically 
acceptable salts thereof, Presenfly preferred, representative compoimds of this group 
include, for example, [6-(2,4-dichlorophenyl).5-imidazolyl(2-pyridyl)] {2-[(5-nitro(2- 
pyridyl))amino]ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]etliyl} [G-fiA- 

10 dicWorophenyl)-5-iinidazoIyl(2-pyridyl)]aniihe, . 6-[(2-{[6-(2,4-dichloroph©ayl)-5- 

iinidazolyl-2-pyridyl]arQino} ethyl)amino]pyridine-3-carbom^ {2-[(6-amino-5-mtfo(2- 
pyridyl))anuno]ethyl}[6-(2,4-dicmorophenyl)-5-nitro(2-pyridyl)]amin^^ . :{2-[(6raimno-5. 
nitro(2-pyridyl))amino]ethyl}[6-(2,4-dicWorophenyl)-5-(4-methylimidazoly^ 
amine, 6-[(2-{[6-(2,4-dichlorophenyl)-5<4-methylirmdazolyl)-2-pyridyl]ai^^ 

1 5 amino]pyridine-3-carbonitrile, and [4-(4-bromo-2-chlorophenyl)-5-imidazol-2-yl- 
pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 

In another aspect, the invention provides compositions comprising an amount of a 
compound of formula (I) effective to modulate GSK3 activity in a human or animal subject 
when administered thereto, together with a phaimaceutically acceptable carrier. 

20 hi yet other embodiments, the invention provides methods of inhibiting GSK3 

activity in a human or animal subject, comprising administering to the human or animal 
subject a GSK3 inhibitory amount of a compoxmd of structure (I). 

The present invention further provides methods of treating human or animal 
subjects suffering from GSKS-mediated disorder in a human or animal subject, comprising 

25 administering to the human or animal subject a therapeutically effective amount of a 
compound of formula (I) above, either alone or in combination with other therapeutically 
active agents. 

In yet other embodiments, the present invention provides compounds of formulas I, 
IV and V, as described above, for use as a pharmaceutical, as well as methods of use of 
30 those compounds in the manufacture of a medicament for the treatment of diabetes, 
Alzheimer's disease and other neurodegenerative disorders, obesity, atherosclerotic 
cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X, 
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ischemia, especially cerebral ischemia, traumatic brain injury, bipolar disorder, 
immunodeficiency or cancer. 

As xised above and elsewhere herein the following terms have the meanings defined 

below: 

"Glycogen synthase kinase 3" and "GSK3" are used interchangeably herein to refer 
to any protein having more than 60% sequence homology to the amino acids between 
positions 56 and 340 of the human GSK3 beta amino acid sequence (Genbank Accession 
No. L33801). To determine the percent homology of two amino add sequences or of two 
nucleic acids, the sequences are aligned for optimal comparison purposes (e..g., gaps can be 
introduced in the sequence of one polypqrtide or nucleic add for optimal alignment with 
tiie other polypeptide or nucldc acid). The amino add residues or nucleotides at 
corresponding amino add positions or nucleotide positions ate thai compared. "When a 
position in one sequence is occupied by the same amino add residue or nucleotide as the 
corresponding position in the other sequence, then the molecules are homologous at that 
position (i.e., as used herein amino acid or nucldc add "homology" is equivalent to amino 
acid or nucleic acid "identity"). The percent homology between the two sequences is a 
function of the number of identical positions shared by the sequences (i.e., % homology = 
# of identical positions/total # of positions x 100). GSK3 was originally identified by its 
phosphorylation of glycogen synthase as described in Woodgett et al.. Trends Biochem. 
Sci., 16:177-81 (1991), incorporated herein by reference. By uihibiting GSK3 kinase 
activity, activities downstream of GSK3 activity may be inhibited, or, alternatively, 
stimulated. For example, when GSK3 activity is inhibited, glycogen synthase may be 
activated, resulting in increased glycogen production. GSK3 is also known to act as a 
kinase in a variety of o&er contexts, including, for example, phosphorylation of c-jun, p- 
catenin, and tau protdn. It is understood that inhibition of GSK3 kinase activity can lead 
to a variety of rffects in a variety of biological contexts. The invention, however, is not 
limited by any theories of mechanism as to how the invention works. 

"GSK3 inhibitor" is used herein to refer to a compound that exhibits an IC50 with 
respect to GSK3 of no more than about 100 >iM and more typically not more than about 50 
fiM, as measured in the cell-fi«e assay for GSK3 inhibitory activity described getterally 
herdnbelow. "IC50" is that concentration of inhibitor which reduces the activity of an 
raizyme (e.g., GSK3) to half-maximal level. Representative compotmds of flie present 
invention have been discovered to exhibit inhibitory activity against GSK3. Compounds of 
the present invention preferably exhibit an IC50 with respect to GSK3 of no more than 
about 10 \xM, more preferably, no more than about 5 ^M, even more preferably not more 
than about 1 ^M, and most preferably, not more than about 200 nM, as measured in the 
cell-fi-ee GSK3 kinase assay. 
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"Optionally substituted" refers to the replacCTient of hydrogen with a monovalent 
or divalent radical. Suitable substitution groups include, for example, hydroxyl, nitre, 
amino, imino, cyano, halo, thio, thioamido, amidino, imidino, oxo, oxamidino, 
methoxamidino, imidino, guanidino, sulfonamido, carboxyl, formyl, loweralkyl, 
5 haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,alkylcarbonyl, 
aiylcarbonyl, aralkylcarbonyl, heteroaiylcarbonyl, heteroaralkylcarbonyl, alkylthio, 
anMnoalkyl, cyanoalkyl, and the, like. 

The substitution group can itself be substituted. The group substituted onto the 
substitution group can be carboxyl, halo; nitro, anmio, cyano, hydroxyl, loweralkyl, 
10 loweralkoxy, aminocarbonyl, -SR, thioamido, -SO3H, -SO2R or cycloalkyl, where R is 
typically hydrogen, hydroxyl or loweralkyl. 

When the substituted substituent includes a straigjit chain group, the substitution 
can occur either within the chain (e.g., 2-hydroxypropyl, 2-aminobutyl, and the like) or at 
the chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and the like). Substituted 
15 substitutents can be straight chain, branched or cyclic arrangements of covalaitly Honded 
carbon or heteroatoms. 

"Loweralkyl" as used herein refers to branched or straight chain alkyl groups 
comprising one to ten carbon atoms that are vmsubstituted or substituted, e.g., with one or 
more halogen, hydroxyl or other groups, including, e.g., methyl, ethyl, propyl, isopropyl, 
20 w-butyl, r-butyl, neopentyl, trifluoromethyl, pentafluoroethyl and the like. 

"Alkylenyl" refers to a divalent straight chain or branched chain saturated aliphatic 
radical having from 1 to 20 carbon atoms. Typical alkylenyl groups employed in 
compounds of the present invention are loweralkylenyl groups that have from 1 to about 6 
carbon atoms in tiieir backbone. "Alkenyl" refers herein to straight chain, branched, or 
25 cyclic radicals having one or more double bonds and from 2 to 20 carbon atoms. 
" Alkynyl" refers herein to straight chain, branched, or cyclic radicals having one or more 
triple bonds and from 2 to 20 caxbon atoms. 

"Loweralkoxy" as used herein refers to* RO- wherein R is loweralkyl. 
Representative examples of loweralkoxy groups include methoxy, ethoxy, ^-butoxy, 
30 trifluoromethoxy and the like. 

"Cycloalkyl" refers to a mono- or polycyclic, heterocyclic or carbocyclic alkyl 
substituent. Typical cycloalkyl substituents have from 3 to 8 backbone (i.e., ring) atoms in 
which each backbone atom is either carbon or a heteroatom. The terai "heterocycloalkyl" 
refers herein to cycloalkyl substituents that have from 1 to 5, and more typically from 1 to 
35 4 heteroatoms in the ring structure. Suitable heteroatoms employed in compounds of the 
present invention are nitrogen, oxygen, and sulftir. Representative heterocycloalkyl 
moieties include, for example, morpholino, piporazinyl, piperadinyl and the like. 
Carbocycloalkyl groups are cycloalkyl groups in which all ring atoms are carbon. When 
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used in connection with cycloalkyl substituents, the term ♦'polycyclic" refers herein to 
fused and non-fused alkyl cyclic structures. 

"Halo" refers herein to a halogen radical, such as fluorine, chlorine, bromine or 
iodine. "Haloalkyl" refers to an alkyl radical substituted with one or more halogen atoms. 
The term "haloloweralkyl" refers to a loweralkyl radical substituted with one or more 
halogen atoms. The term "haloaDcoxy" refers to an alkoxy radical substituted with one or 
more halogen atoms. The term "halolowwalkoxy" refers to a loweralkoxy radical 
substituted with one or more halogen atoms. 

"Aryl" refers to monocyclic and polycyclic aromatic groups having from 3 to 14 
backbone carbon or hetero atoms, and includes both carbocyclic aryl groups and 
heterocyclic aryl groups, Carbocyclic aryl groups are aryl groups in which all ring atoms 
in the aromatic ring are carbon. The term "heteroaryl" refers herein to aryl groups having 
from 1 to 4 heteroatoms as ring atoms in an aromatic ring with the remainder of the ring 
atoms being carbon atoms. When used in connection with aryl substituents, the term 
"polycyclic" refers herein to fused and non-fiised cyclic structures in which at least one 
cyclic structure is aromatic, such as, for example, benzodioxozolo (which has a 



Exemplary aryl moieties raiployed as substituents in compounds of the present invention 
include phenyl, pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, 
pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl, purinyl, naphthyl, benzothiazolyl, 
benzopyridyl, and benzimidazolyl, and the like. 

"Aralkyl" refers to an alkyl group substituted with an aryl group. Typically, aralkyl 
groups employed in compounds of the present invraition have from 1 to 6 carbon atoms 
incorporated within the alkyl portion of the aralkyl group. Suitable aralkyl groups 
employed in compounds of the present invention include, for example, benzyl, picolyl, and 
the like. 

"Amino" refers herein to the group -NH2. The term "alkylamino" refers herein to 
the group -NRR' where R and R' are each independentiy selected from hydrogCTi or a lower 
alkyl. The term "arylamino" refers herein to the group -NRR' where R is aryl and R* is 
hydrogen, a lower alkyl, or an aryl. The term "aralkylamino" refers herein to the group - 
NRR' where R is a lower aralkyl and R* is hydrogen, a loweralkyl, an aryl, or a 
loweraralkyl. 

The term "arylcycloalkylamino" refers herein to the group, aryl-cycloalkyl-NH-, 
where cycloalkyl is a divalent cycloalkyl group. Typically, cycloalkyl has from 3 to 6 
backbone atoms, of which, optionally 1 to about 4 are heteroatoms. The term "aminoalkyl" 
refers to an alkyl group that is terminally substituted with an amino group. 



heterocyclic structure frised to a phenyl group, i.e. 




, naphthyl, and the like. 
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The term "alkoxyalkyl" refers to the group -alki-O-alka where alki is alkylenyl or 
alkenyl, and alka is alkyl or alkenyl. The term "loweralkoxyalkyl" refers to an alkoxyalkyl 
where alki is loweralkylenyl or loweraUcenyl, and alk2 is loweralkyl or loweralkenyl. The 
term "aryloxyalkyl" refers to the group -alkylenyl-O-aryl. The term "aralkoxyalkyl" refers 
5 to flie group -alkylenyl-O-aralkyl, where aralkyl is a lowerarallcyl. 
^ The term "alkoxyalkylamino" refers herein to the group -NR-(alkoxylalkyl), where 

R is typically hydrogen, loweraralkyl, or loweralkyl. The term "aminoloweralkoxyalkyl" 
refers herein to an aminpalkoxyalkyl in which the alkoxyalkyl is a loweralkoxyalkyl. 

The term "aminocarbonyl" refers herein to the group -C(0)-NH2 . "Substituted 
10 aminocarbonyl" refers herein to the group -C(0)-NRR' where R is lowaalkyl and R' is 
hydrogen or a loweralkyl. The term "arylaminocarbonyl" refers herein to the group -C(0)- 

NRR* where R is an aiyl and R' is hydrogen, loweralkyl or aryl. "aralkylaminocarbonyr 

^) refers herein to the group -C(0)-NRR' where R is loweraralkyl and R' is hydrogen, 

loweralkyl, aryl, or loweraralkyl. 
15 "Aminosulfonyl" refers herein to the group -S(0)2-NH2. ^'^Subsktuted 

aminosulfonyl" refers herein to the group -S(0)2-NRR' where R is loweralkyl and R' is 
hydrogen or a loweralkyl. The term "aralkylaminosulfonlyaiyl" refers herem to the group 
-aryl-S(0)2-NH-aralkyl, where the aralkyl is loweraralkyl. 
"Caibonyl" refers to the divalent group -C(0)-. 
20 "Carbonyloxy" refers generally to the group -C(0)-0-,. Such groups include esters, 

-C(0)-0-R, where R is loweralkyl, cycloalkyl, aryl, or loweraralkyl. The term 
"carbonyloxycycloalkyl" refers generally herein to both an "carbonyloxycarbocyclbalkyl" 
and an "carbonyloxyheterocycloalkyl", i.e., where R is a carbocycloalkyl or 
heterocycloalkyl, respectively. The term "aiylcarbonyloxy" refers herein to the group - 
^ . 25 C(0)-0-aryl, where aryl is a mono- or polycycUc, carbocycloaryl or heterocycloaryl. The 
term "aralkylcarbonyloxy" lefars herein to the group -C(0)-0-aralkyl, whae the aralkyl is 
loweraralkyl. 

The term "sulfonyl" refers heron to the groiq> -SO2-. "Alkylsulfonyl" r^ers to a 
substituted sulfonyl of the structure -SO2R - in which R is alkyl. Alkylsulfonyl groups 

30 employed in compounds of the present invention are typically loweralkylsulfonyl groups 
having from 1 to 6 carbon atoms in its backbone structure. Thus, typical alkylsulfonyl 
groups employed in .compounds of the present invention include, for racample, 
methylsulfonyl (i.e., where R is methyl), ethylsulfonyl (i.e., where R is ethyl), 
propylsulfonyl (i.e., where R is propyl), and the like. The term "aiylsulfonyl" refers herein 

35 to the group -SOa-aryl. The term "aralkylsulfonyl" refers herein to the gtoxxp -SOa-aralkyl, 
in which the aralkyl is loweraralkyl. The term "sulfonamido" refers herein to -SO2NH2. 

As used herein, the term "carbonylamino" refers to the divalent group -NH-C(O)- 
in which the hydrogen atom of the amide nitrogen of the carbonylamino group can be 
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replaced a loweralkyl, aryl, or lowararaUcyl group. Such groups include moieties such as 
carbamate esters (->ffl[-C(0)-0-R) and amides ~NH-C(0)-0-R, where R is a straight or 
branched chain loweralkyl, cycloalkyl, or aryl or loweraralkyL The term 
"loweralkylcarbonylamino" refers to alkylcarbonylamino where R is a loweralkyl having 
5 from 1 to about 6 carbon atoms in its backbone structure. The term "arylcarbonylamino" 
refers to group -NH-C(0)-R where R is an aryl. Similarly, the term 
"aralkylcarbonylanMno " refers to carbonylamino where R is a lower aialkyL 

As used herein, the t&cm "guanidino" or "guanidyl" refers to moieties derived from 
guanidine, H2N-C(=NH)-NH2- Such moieties include those bonded at the nitrogen atom 

10 carrying the formal double bond (the "2"-position of the guanidine, e.g., 
diaminomethyleneamino, (H2N)2C=NH-) and those bonded at either of the nitrogen atoms 
carrying a formal single bond (the "1-" and/or "3"-positions of the guandine, e.g., 
H2N-C(=NH)-NH-). The hydrogen atoms at any of the nitrogens can be replaced with a ^ 
suitable substituent, such as loweralkyl, aryl, or loweraralkyL 

15 As used herein, the term "amidino" refers to the moieties R-C(=N)-NR'- (the 

radical being at the "N^" nitrogen) and R(NR')C=N- (the radical being at the "N^" 
nitrogen), where R and R' can be hydrogen, loweralkyl, aryl, or loweraralkyL 

Compounds of the present invention can be readily synthesized using the methods 
described herein, or other methods, which are well known in the art. For example, the 

20 synthesis of pyrimidines having a wide variety of substituents is comprehensibly reviewed 
in D. J. Brown, "The Pyrimidines," vol, 54, Wiley (1994), which is incorporated herein by 
reference. The compounds described herein were synthesized using both solution-phase 
and resin-based (i.e., solid-phase) techniques. 

Pyrimidine based compounds of the present invention can be readily synthesized in 

25 solution by reaction of a carbonyl-containing derivative with N,N-dimethylformamide | 
dimethyl acetal (DMFDMA). The intermediate enaminoketone that results is Ihen reacted 
with a guanidine in the presence of an organic solvent and a suitable base such as sodium 
ethoxide, sodium methoxide, sodium hydroxide or cesium carbonate at various 
temperatures to give a pyrimidine. This method is generally described in Menozzi et al., J. 

30 Heterocyclic Chem., 24:1669 (1987), P. Schenone et a L J. Heterocyclic Chem .. 27:295 
(1990), R. Paul et aL, J. Med. Chem., 36: 2716 (1993) and J. Zimmermann et al.. Arch. 
Pharm., 329:371 (1996), all of which are incorporated herein by reference. 

Carbonyl-containing starting reagents that are suitable for use in this reaction 
scheme include, for example, p-keto esters, alkyl aryl ketones, P-keto sulfones, a-nitro 

35 ketones, p-keto nitriles, desoxybenzoins, aryl heteroarylmethyl ketones, and the like. The 
carbonyl-containing starting reagents can either be purchased or synthesized using known 
methods. 
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For example, p-keto esters can be readily synthesized by reaction of an acid 
chloride or other activated carboxylic acid with potassiiun ethyl malonate in the presence 
of triethylamine in accordance with the method described in RJ. Clay et al.. Synthesis^ 
1992:290 (1992), which is incorporated herein by reference. Alternatively, the desired p- 
keto ester can be synthesized by deprotonating an appropriate methyl ketone with a 
suitable base such as sodium hydride, followed by condensation with diethylcarbonate in 
accordance with the method described in Sircar et al, J. Med. Chem., 28:1405 (1985), 
which is incorporated herein by reference. 

Likewise, P-keto sulfones and a-mtro ketones can be prepared using known 
methods, such ais those described in N.S. Simpkins, "Sulphones in Organic Synthesis," 
Pergamon (1993) (P-keto sulfones) and M. Jung et al, J. Org. Chem., 52:4570 (1987) (a- 
nitro ketones), both of which are incorporated herein by reference. P-keto nitriles can be 
readily prepared by reaction of an a-halo ketone with sodium or potassium cyanide. 

When the substrate is a doubly activated carbonyl compound (e.g., P-keto ester, P- 
keto sulfone, p- keto nitrile, and the like) the first condensation is typically conducted with 
a small excess of DMFDMA in a solvent such as THF at 70-80**C for several hours; This 
method is described in more detail in Example 25 hereinbelow (i.e., "Solution Method 
A"). 

When a mono-activated substrate such as a methyl ketone is involved, DMFDMA 
is often used as the solvent at a higher temperature (90-100°C) for a longer period of time 
(e.g., overnight). After completion of the condensation reaction, the solvent and excess 
DMFDMA are removed in vacuo. The resulting solid or oil is dissolved in an appropriate 
solvent and heated with an equimolar amount of the guanidine and base. This method is 
described in more detail m Example 60 hereinbelow (i.e., "Solution Method B"), 

When est^ are formed, alkaline or acidic hydrolysis of the resulting pyrimidine 
yields the corresponding carboxylic acid. This acid can then be further coupled to various 
alcohols or amines to provide a variety of ester or amide derivatives. 

Guanidines employed in the synthesis of invention compounds can be purchased or, 
alternatively, synthesized by reacting the corresponding amine with a guanidino transfer 
reag^t, such as, for example, benzotriazole carboxamidiniimi 4-methylbenzenesulfonate. 
This guanidino transfer reagent is described in A.R. Katritzky et al., 1995, Synthetic 
Communications, 25:1173 (1995), which is incorporated herem by reference. Thus, for 
example, benzotriazole carboxan:iidinium 4-methylbenzenesulfonate can be reacted in 
equimolar quantity with an amine and one equivalent of diisopropyl ethyl amine (DIEA) in 
acetonitrile at room temperature overnight to yield guanidinium 4-methylbenzenesulfonate 
upon addition of diethyl ether. Amines containing a nitrogen heterocyclic aryl can be 
prepared by nucleophilic substitution of a halo-substituted nitrogen heterocyclic aryl with 
an appropriate diamine, such as, for example, ethylenediamine or propylenediamine. 
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These diamines are particularly suitable for use as reaction solvents at reaction 
tenperatures in the range of about 25°C to 125°C. The preparation of specialized amines 
is noted in the Examples provided herein. 

Other known synthesis methods can be used to prepare compounds of the present 
5 invention. For example, 5-aryl 2-aminopyrimidine can be prepared by reacting a guanidine 
Willi a vinamidinium salt, in accordance with the method described in R.M. Wagner and C. 
Jute, Chem. Berichte, p. 2975 (1971), wWch is incorporated herein by reference. This 
method is illustrated in Example 67 hadnbelow (i.e.,"Solution Method C"). 

Similarly, 4-anilo-2-chloropyrimidine can be prepared by reacting aniline with 2,4- 

10 dichloropyrimidine. Likewise, an aniline can be treated with a 2,4-dichloTopyiimidine to 
give the 4-anilo-2-chloropyrimidine. Further substitution with a second amine gives 2- 
amino-4-anilinopyrimidine. 

In addition to solution-phase synthesis methods, solid-support (including resin- 
based) synthesis methods can also be used to synthesize compounds of the present 

15 invention, especially for parallel and combinatorial synthesis methodologies. For example, 
the synthesis of tetra-substituted pyrimidines may begin with the loading of an aromatic 
carboxyUc acid aldehyde, such as, for example, 4-foTmyl benzoic acid, to the amino group 
of a suitable resin, such as, for example, Plink amide resin (Novabiochem, San Diego, 
California) ("Resin Method A" which is described in more detail in Example 2). 

20 Knoevenagel condensation of a p-keto ester gives an unsaturated intermediate that can be 
condensed with l^-pyrazole-l-carboxamidme hydrochloride (Aldrich) in the presence of a 
suitable base (e.g., potassium carbonate). The mtermediate dihydropyiimidine can then be 
oxidized to the resin bound pyrimidine with 2.3-dichloro-5,6-dicyano.l,4-benzoquinone 
(DDQ) in benzene. FinaUy, substitution of the pyrazolo moiety by heating with an amine 

25 in 1-melhylpyrroUdone (NMP) or other suitable solvent is followed by acidolytic cleavage 
to give the desired pyrimidme. This synthesis method can be used to generate pyrimidmes 
with a substituent in the 4-position of the pyrimidine ring. 

Resm Method B, which is described m detail m Example 3, can be used to 
synthesize pyrimidines in which the 6-position is unsubstituted. A hydroxymethyl-iesin, 

30 such as commercially available Sasrin resin (Bachem Biosciences, King of Prussia, 
Pennsylvania), is treated with triphenylphosphine dibromide in dichloromethane to convert 
the hydroxymethyl group on the resin to a bromomethyl group, as generaUy described in K. 
Ngu et al.. Tetrahedron Letters, 38:973 (1997), which is incorporated herein by reference. 
The bromine is then displaced by reaction with a primary amine in NMP (at room 

35 temperature or 70-80°C). The amine is then coupled with the appropriate aromatic 
compound containing an acetyl group. The coupling can be carried out with PyBOP® 
(Novabiochem, San Diego, California), and 4-methyhnorpholine in NMP. 
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Resin Method B can also be used to incorporate an amino acid residue into the 
resulting pyrimidine. For example, amino resin can be coupled to a 9-fluorenyl- 
methoxycarbonyl (FMOC)-protected amino acid using standard peptide synthesis 
conditions and methods. Further coupling with 4-acetylbenzoic acid followed by reaction 
5 with N,N-dimefliylformamide dimethyl acetal and cyclization with a guanidine produces a 
pyrimidine derivative having an anwno acid residue incorporated within it. 

Pyrimidines having e.g., a carboxamidophenyl group at position 6 and hydrogen at 
position 5 can be prepared from an amino (i.e., -NH2)-containing resin such as Rink amide 
resin (Novabiochem, San Diego, California). This method is described in more detail in 
10 Exampile 10 hereinbelow ("Resin Method C"). 

Compounds of the present invention can also be prepared according to Resin 
Method D, to produce 2,4-diaminopyrimidines. Resin-boimd an:iine is reacted with a 2,4- 
dichloropyrtmidine to give a resin-bound 6-amino-2-chloropyrimidine. The resin-bound 
amine can be derived froni any suitable primary amine; however, anilines generally are not 
15 suitable. Displacement with a second amine and cleavage of the product from ttfe^esin 
gives a 2,4-diaminopyrimidine. For the second displacement, primary or secondary amines 
that may contain other functional groups, such as improtected hydroxy groups, are suitable. 
The resultmg dichloropyrimidine may be further substituted, for example, wifli an ester 
group at the 5-position. A 2,6-dichloropyridine can be used instead of 2,4- 
20 dichloropyrimidine to produce a 2,6-diaminopyridine. This scheme is described in more 
detail in Examples 17-19 hereinbelow. 

Resin Method E can be used to produce a 2,6-diaminopyridine. The method is 
analogous to Resin Method D except that a 2,6-dichloropyridine is used as the electrophile 
and the final product is a 2,6-diaminopyridine. Resin Method E is described in more detail 
25 in Examples 20-21 herembelow. 

Resin Method F can be used to synthesize 5-amino substituted compounds of the 
present invention. Resin-bound amine is reacted with a halomethyl aryl ketone. The 
resulting resin- bound aminomethyl ketone is then treated with DMFDMA (neat) followed 
by cyclization with a guanidine to give the 2,5-diamino-6-aiylpyrimidine. Resin Method F 
30 is described in more detail in Example 22, hereinbelow. 

Resin Method G, which is described in more detail in Example 23, can be used to 
synthesize compounds of the present invention having a carboxyl group at the 5-positioiL 

GSK3 inhibitor compounds of the present invention can be purified using known 
methods, such as, for example, chromatography, crystallization, and the like. 
35 Compounds of the present invention preferably exhibit inhibitory activity that is 

relatively substantially selective with respect to GSK3, as compared to at least one other 
type of kinase. As used herein, the term "selective" refers to a relatively greater potency 
for inhibition against GSK3, as compared to at least one other type of kinase. Preferably, 
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GSK3 inhibitors of the present invention are selective with respect to GSK3, as compared 
to at least two other types of kinases. Kinase activity assays for kinases other than GSK3 
are generally known. See e.g., Havlicek et al., J. Med. Chem., 40:408-12 (1997), 
incorporated herdn by reference. GSK3 selectivity can be quantitated according to the 
5 following: GSK3 selectivity = IC50 (other kinase) - IC50 (gsk3), where a GSK3 inhibitor is 
selective for GSK3 when IC50 (other kinase) > IC50 (gsks). Thus, an inhibitor that is selective for 
GSK3 exhibits a GSK3 selectivity of greater than 1-fold with respect to inhibition of a 
kinase oth» than GSK3. As used herdn, the term "other kinase" refers to a kinase other 
than GSK3. Such selectivities are generally measured m the cell-fiee assay described in 
10 Example 265. 

Topically, GSK3 inhibitors of the piresent invention exhibit a selectivity of at least 
about 2-fold (i.e., IC50 (other kinase) ICso (GSK3)) for GSK3, as compared to another kinase 
and more typically they exhfl>it a selectivity of at least about 5-fold. Usually, GSK3 ^ 
inhibitors of the present invention exhibit a selectivity for GSK3, as compaied to at least 

15 one other kinase, of at least about 10-fold, desirably at least about 100-fold, and more 
preferably, at least about 1000-fold; 

GSK3 inhibitory activity can be readily detected usmg the assays described herein, 
as well as assays generally known to those of ordinary skill in the art Exemplary methods 
for identifymg specific inhibitors of GSK3 include both cell-fi^ee and cell-based GSK3 

20 kinase assays. A cell-free GSK3 kinase assay detects inhibitors that act by direct 
interaction with the polypeptide GSK3, while a cell-based GSK3 kinase assay may identify 
inhibitors that fonction by direct interaction with GSK3 itself, or by other mechanisms, 
including, for example, interfra-ence with GSK3 expression or wifli post-translational 
processing required to produce matiire active GSK3 or alteration of the intracellular 

25 localization of GSK3. ^ 
in general, a cell-free GSK3 kinase assay can be readily earned out by: (1) 
incubating GSK3 with a peptide substrate, radiolabeled ATP (such as, for exanq>le, y^^P- or 
/^P-ATP, both available from Amersham, Arlington Heights, Illinois), magnesium ions, 
and optionally, one or more candidate inhibitors; (2) incubating the mixture for a period of 

30 time to allow incorporation of radiolabeled phosphate into the peptide substrate by GSK3 
activity; (3) transferring all or a portion of tiie en2yme reaction mix to a separate vessel, 
typically a microtiter well that contains a uniform amount of a capture ligand tiiat is 
capable of binding to an anchor ligand on the peptide substrate; (4) washing to remove 
unreacted radiolabeled ATP; then (5) quantifying the amount of ^^P or ^^p remaining m 

35 each well. This amount represents the amount of radiolabeled phosphate incorporated into 
the peptide substrate. Inhibition is observed as a reduction in the incorporation of 
radiolabeled phosphate into the peptide substrate. 
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Suitable peptide substrates for use in the cell free assay may be any peptide, 
polypeptide or synthetic peptide derivative that can be phosphoiylated by GSK3 in the 
presence of an appropriate amount of ATP. Suitable peptide substrates may be based on 
portions of the sequences of various natural protein substrates of GSK3, and may also 
contain N-terminal or C-terminal modifications or extensions including spacer sequences 
and anchor ligands. Thus, the peptide substrate may reside within a larger polypeptide, or 
may be an isolated peptide designed for phosphorylation by GSK3. 

For example, a peptide substrate can be designed based on a ^bsequence of the 
DNA binding protein CREB, such as the SGSG-linked CREB peptide sequence within the 
CREB DNA binding protein described in Wang et al., Anal. Biochem., 220:397-402 
(1994), incorporated herein by reference. In the assay reported by Wang et al., the C- 
terminal serine in the SXXXS motif of the CREB peptide is enzymatically 
prephosphorylated by cAMP-dependent protein kinase (PKA), a step which is required to 
render the N-terminal serine in the motif phosphorylatable by GSK3. As an altemative, a 
modified CREB peptide substrate can be employed which has the same SXXXS^ motif and 
which also contains an N-terminal anchor ligand, but which is synthesized with its C- 
terminal serine prephosphorylated (such a substrate is available commercially from Chiron 
Technologies PTY Ltd., Claj^on, Australia). Phosphorylation of the second serine in the 
SXXXS motif during peptide synthesis eliminates the need to enzymatically phosphorylate 
that residue with PKA as a separate step, and incorporation of an anchor ligand facilitates 
capture of the peptide substrate after its reaction with GSK3. 

Generally, a peptide substrate used for a kinase activity assay may contain one or 
more sites that are phosphorylatable by GSK3, and one or more other sites that are 
phosphorylatable by other kinases, but not by GSK3, Thus, these other sites can be 
prephosphorylated in ordra: to create a motif that is phosphorylatable by GSK3. The term 
"prephosphorylated" refers herein to the phosphorylation of a substrate peptide with non- 
radiolabeled phosphate prior to conducting a kinase assay using that substrate peptide. 
Such prephosphorylation can convenientiy be performed during synthesis of the peptide 
substrate. 

The SGSG-linked CREB peptide can be linked to an anchor ligand, such as biotin, 
where the serine near the C terminus between P and Y is prephosphorylated. As used 
herein,, the term "anchor ligand" refers to a ligand that can be attached to a peptide 
substrate to facilitate capture of the peptide substrate on a capture ligand, and which 
functions to hold the peptide substrate in place during wash steps, yet allows removal of 
imreacted radiolabeled ATP. An exemplary anchor ligand is biotin. The term "capture 
ligand" refers herein to a molecule which can bind an anchor ligand with high afiBnity, and 
which is attached to a solid structure. Examples of boimd capture ligands include, for 
example, avidin- or streptavidin-coated microtiter wells or agarose beads. Beads bearing 
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capture Kgands can be further combined with a sdntillant to provide a means for detecting 
captured radiolabeled substrate peptide, or sdntillant can be added to the captured peptide 
in a later step. 

The captured radiolabeled peptide substrate can be quantitated in a scintillation 
counter using known methods. The signal detected in the scintillation counter will be 
proportional to GSK3 activity if the enzyme reaction has been run under conditions where 
only a limited portion (e.g., less than 20%) of the peptide substrate is phosphorylated. If an 
inhibitor is present during the reaction, GSK3 activity will be reduced, and a smaller 
quantity of radiolabeled phosphate will thus be incorporated into the peptide substrate. 
Hence, a lower scintillation signal will be detected. Consequently, GSK3 inhibitory 
activity will be detected as a reduction in scintillation signal, as compared to that observed 
in a negative control where no inhibitor is present during the reaction. This assay is 
described in more detail in Example 265 hereinbelow. 

A cell-based GSK3 kinase activity assay typicaUy utilizes a cell that can express 
both GSK3 and a GSK3 substrate, such as, for example, a ceU transformed with genes 
encoding GSK3 and its substrate, including regulatory control sequences for the expression 
of the genes. In carrying out the cell-based assay, the ceU capable of expressing the genes 
is incubated in the presence of a compound of the present invention. The cell is lysed, and 
the proportion of the substrate in the phosphorylated form is determined, e.g., by observing 
its mobiUty relative to the unphosphoiylated form on SDS PAGE or by determining the 
amount of substrate that is recognized by an antibody specific for the phosphorylated form 
of the substrate. The amount of phosphorylation of the substrate is an indication of the 
inhibitory activity of the compound, i.e., inhibition is detected as a decrease in 
phosphorylation as compared to the assay conducted with no inhibitor present. GSK3 
inhibitory activity detected in a ceU-based assay may be due, for example, to inhibition of 
the expression of GSK3 or by inhibition of the kinase activity of GSK3. 

Thus, ceU-based assays can also be used to specifically assay for activities that are 
impUcated by GSK3 inhibition, sudi as, for example, inhibition of tau protem 
phosphorylation, potentiation of insulin signaling, and the like. For example, to assess the 
capacity of a GSK3 inhibitor to inhibit Alzhehner's-like phosphorylation of microtubule- 
associated protein tau, cells may be co-transfected with human GSKSp and human tau 
protein, then incubated with one or more candidate inhibitors. Various mammalian cell 
lines and expression vectors can be used for this type of assay. For instance, COS cells 
may be transfected with both a human GSKSp expression plasmid according to the 
protocol described in StamboHc et d., 1996, Current Biolog)> 6:1664-68, which is 
incorporated herein by reference, and an expression plasmid such as pSG5 that contains 
human tau protein coding sequence under an early SV40 promoter. See also Goedert et al., 
EMBO J., 8:393-399 (1989), which is incorporated herein by reference. Alzheima's-like 



wo 02/20495 -32- PCT/USO 1/42081 

phosphorylation of tau can be readily detected with a spedjBc antibody such as, for 
example, ATS, which is available from Polymedco Inc. (Cortlandt Manor, New York) after 
lysing the cells. This assay is described in greater detail in the examples, hereinbelow. 

Likewise, the ability of GSK3 inhibitor compounds to potentiate insulin signaling 
5 by activating glycogen synthase can be readily ascertained using a cell-based glycogen 
. synthase activity assay. This assay employs cells that respond to insulin stimulation by 

increasing glycogen synthase activity, such as the CHO-HIRC cell line, which 
overexpresses wild-type insulin receptor (-100,000 binding sites/cell). The CHOHIRC 
cell line can be generated as described in MoUer et al., J. Biol, Chem,, 265:14979-14985 
10 (1990) and MoUer et al., MoL Endocrinol, 4:1183-1191 (1990), both of which are 
incorporated herein by reference. The assay can be carried out by incubating serum- 
starved CHO-HIRC cells in the presence of various concentrations of compounds of the 
^) present invention in the medium, followed by cell lysis at the end of the incubation period. 

Glycogen synthase activity can be detected in the lysate as described in Thomas et al., . 
15 Anal Biochem., 25:486-499 (1968). Glycogen synthase activity is computed for eacfi 
sample as a percentage of maximal glycogen synthase activity, as described in Thomas et 
al., supra, and is plotted as a function of candidate GSK3 inhibitor concentration. The \ ' 
concentration of candidate GSK3 inhibitor that increased glycogen synthase activity to half ; i 
of its maximal level (i.e., the EC50) can be calculated by fitting a four parameter sigmoidal f 
20 curve using routine curve fitting methods that are well known to those having ordinary skill I » 
in the art. This is described in more detail in Example 266, hereinbelow. \ 

GSK3 inhibitors can be readily screened for in vivo activity such as, for example, % . 
using methods that are well known to those having ordinary skill in the art For example, t 
candidate compounds having potential therapeutic activity in the treatment of type 2 
25 diabetes can be readily identified by detecting a capacity to improve glucose tolerance in 
animal models of type 2 diabetes. Specifically, the candidate compound can be dosed 
using any of several routes prior to administration of a glucose bolus in either diabetic mice 
(e.g. KK, db/db, ob/ob) or diabetic rats (e.g. Zucker Fa/Fa or GK). Following 
administration of the candidate compound and glucose, blood samples are removed at 
30 preselected time intervals and evaluated for serum glucose and insulin levels. Improved 
disposal of glucose in the absence of elevated secretion levels of endogenous insulin can be 
considered as insulin sensitization and can be indicative of compound efiBcacy. A detailed 
description of this assay is provided in the examples, hereinbelow. 

The compounds of the present invention can be used in the form of salts derived 
35 firom inorganic or organic acids. These salts include but are not Umited to the following: 
acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, 
camphorate, camphorsulfonate, digluconate, cyclopentanepropionate, dodecylsidfate, 
ethanesulfonate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate. 
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fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, 
maleate, methanesulfonate, nicotinate, 2-napthalenesulfDnate, oxalate, pamoate, pectinate, 
sulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, 
p-tolu«iesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be 
quatemized with such agents as loweralkyl haUdes, such as methyl, ethyl, propyl, and butyl 
chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl 
sulfetes, long chain haUdes such as decyl, lauryl, myristyl and steaiyl chlorides, bromides 
and iodides, aralkyl halides like benzyl and phmethyl bromides, and others. Water or oil- 
soluble or dispersible products are therd>y obtained. 

Examples of adds which may be employed to form phannaceutically acceptable 
acid addition salts include such inorganic adds as hydrochloric add, sulphuric add and 
phosphoric acid and such organic adds as oxalic add, maldc add, succinic add and citric 
add. Basic addition salts can be prepared in situ during the final isolation and purification 
of the compounds of formula (I), or separately by reactmg carbojgrUc add moieties with a 
suitable base such as the hydroxide, carbonate or bicarbonate of a phannaceutically 
acceptable metal cation or with ammonia, or an organic primary, secondary or tertiary 
amine. Phannaceutically acceptable salts include, but are not limited to, cations based on 
the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, 
magnesium, aluminum salts and the like, as well as nontoxic ammonium, quaternary 
ammonium, and amine cations, including, but not limited to ammonium, 
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, 
Irimethylamine, triethylamine, ethylamine, and the like. Other representative organic 
amines useful for the formation of base addition salts include diethylamine, 
ethylenediamine, ethanolamine^ diethanolamine, piperazine and the like. 

Compounds of the present invention can be adnoinistered in a variety of ways 
including enteral, parenteral and topical routes of administration. For example, suitable 
modes of administration include oral, subcutaneous, transdermal, transmucosal, 
iontophoretic, intravenous, intramuscular, intraperitoneal, intranasal, subdural, rectal, and 
the like. 

In accordance with other embodiments of the present invration, there is provided a 
composition comprising GSK3-inhibitor compound of the present invention, together with 
a pharmaceutically acceptable carrier or exdpient. 

Suitable phannaceutically acceptable excipients include processing agraits and drug 
delivery modifiers and enhancers, such as, for example, caldum phosphate, magnesium 
stearate, talc, monosaccharides, disaccharides, starch, gelatin, cellulose, methyl cellulose, 
sodium carboxymethyl cdlulose, dextrose, hydroxypropyl-p-cyclodextrin, 
polyvinylpyrrolidinone, low melting waxes, ion exchange resms, and the like, as weU as 
combinations of any two or more thereof Other suitable phannaceutically acceptable 
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excipients are described in "Remington's Phannaceutical Sciences," Mack Pub. Co., New 
Jersey (1991), incorporated herein by reference. 

Pharmaceutical compositions containing GSK-3 inhibitor compounds of the present 
invention may be in any form suitable for the intended method of administration, 
including, for example, a solution, a suspension, or an emulsion. Liquid carriers are 
^ically used in preparing solutions, suspensions, and emulsions. Liquid carriers 
contemplated for use in the practice of the present invention include, for example, water, 
saline, pharmaceutically acceptable organic solvent(s), pharmaceutically acceptable oils or 
fats, and the like, as well as mixtures of two or more thereof. The liquid carri^ may 
contain other suitable pharmaceutically acceptable additives such as solubilizers, 
emtilsifiers, nutrients, buffers, preservatives, suspending agmts, thickening agents, 
viscosity regulators, stabilizers, and the like. Suitable organic solvents include, for 
example, monohydric alcohols, such as efhanol, and polyhydric alcohols, such as glycols. 
Suitable oils include, for example, soybean oil, coconut oil, olive oil, safflower oil, 
cottonseed oil, and the like. For parenteral administration, the carrier can also be an bily 
esteac such as ethyl oleate, isopropyl myristate, and the like. Compositions of the present 
invention may also be in the form of microparticles, microcapsules, liposomal 
encapsulates, and the like, as well as combinations of any two or more thereof. 

The compounds of the present invention may be administered orally, parenterally, 
sublingually, by inhalation spray, rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and 
vehicles as desired. Topical administration may also involve the use of transderinal 
administration such as transdemial patches or ionophoresis devices. The term parenteral as 
used herein includes subcutaneous injections, intravenous, intramuscular, intrastemal 
injection, or infusion techniques. 

Injectable pr^arations, for example^ sterile injectable aqueous or oleaginous 
suspensions may be formulated according to the known art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent or 
solvent, for example, as a solution in 1,3-propanediol. Among the acceptable vehicles and 
solvents that may be employed are water. Ringer's solution, and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be employed including 
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

Suppositories for rectal administration of the drag can be prepared by mixing the 
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols 
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that are solid at ordinaiy temperatures but Uquid at the rectal temperature and will therefore 
melt in the rectum and release the drug. 

SoUd dosage forms for oral administration may include capsules, tablets, piUs, 
powders, and granules. In such soUd dosage forms, the active compound may be admixed 
with at least one mert diluent such as sucrose lactose or starch. Such dosage forms may 
also comprise, as is normal practice, additional substances other than inert diluents, e.g., 
lubricating agents such as magnesium stearate. In the case of capsules, tablets, and'piUs] 
the dosage forms may also comprise buffering agents. Tablets and pills can additionally be 
prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceutically 
acceptable emulsions, solutions, suspaisions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such compositions may also comprise adjuvants, 
such as wetting agents, emulsifying and suspending agents, cydodextrins, and sweetemng,' 
flavoring, and perfuming agents. 
15 In accordance with yet other embodiments, the present invention provides methods 

for inhibiting GSK3 activity in a human or animal subject, said method comprising 
administering to a subject an amount of a GSK3 inhibitor compound having the structure 
(T), (IV) or (V) (or composition comprising such compound) effective to inhibit GSK3 
activity in the subject. Other embodmients provided methods for treating a cell or a GSK3- 
20 mediated disorder in a human or animal subject, comprising administering to the cell or to 
the human or animal subject an amount of a compound or composition of the mvention 
effective to inhibit GSK3 activity in the ceU or subject Preferably, the subject wiU be a 
human or non-human animal subject Inhfljition of GSK3 activity mcludes detectable 
suppression of GSK3 activity either as compared to a control or as compared to expected 
25 GSK3 activity. 

Effective amounts of the compounds of the invention generally include any amount 
sufficient to detectably inhibit GSK3 activity by any of the assays described herein, by 
other GSK3 kinase activity assays known to those having ordinary skill in the art or by 
detecting an aUeviation of symptoms in a subject afEUcted with a GSK3-mediated disorder. 

30 GSIC3-mediated disorders that may be treated in accordance with the invention 

include any biological or medical disorder m which GSK3 activity is impUcated or in 
which the inhibition of GSK3 potentates signaling thrx>ugh a pathway that is 
characteristically defective in the disease to be treated. The condition or disorder may 
either be caused or characterized by abnormal GSK3 activity. Representative GSK3- 

35 mediated disorders include, for example, type 2 diabetes, Alzheimer's disease and other 
neurodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential 
hypertension, polycystic ovaiy syndrome, syndrome X, ischemia, espedaUy cerebral 
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency, cancer and the Uke. 
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Successful treatment of a subject in accordance with the invention may result in the 
inducraient of a reduction or alleviation of symptoms in a subject afflicted with a medical 
or biological disorder to, for example, halt the further progression of the disorder, or the 
prevention of the disorder. Thus, for example, treatment of diabetes can result in a 
5 reduction in glucose or HbAlc levels in the patient. Likewise, treatment of Alzheimer's 
disease can result in a reduction in rate of disease progression, detected, for example, by 
measuring a reduction in the rate of increase of dementia. 

The amount of active ingredient that may be combined with the carrier materials to 
produce a single dosage form will vary depending upon the host treated and the particular 

10 mode of administration. It will be understood, however, that the specific dose level for any 
particular patient will depend upon a variety of factors including the activity of the specific 
compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of exaredon, drug combination, and the 
severity of the particular disease undergoing therapy. The therapeutically effective amount 

15 for a given situation can be readily determined by routine experimentation and is witHn tiie 
skill and judgment of the ordinary clinician. 

For purposes of the present invention, a therapeutically effective dose will generally 
be from about 0.1 mg/kg/day to about 100 mg/kg/day, preferably from about 1 mg/kg/day 
to about 20 mg/kg/day, and most preferably from about 2 mg/kg/day to about 10 

20 mg/kg/day of a GSK3 inhibitor compound of the present invention, which may be 
administered in one or multiple doses. 

The compounds of the present invention can also be administered in the form of 
liposomes. As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or multilamellar hydrated liquid 

25 crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically 
acceptable and metabolizable lipid capable of forming liposomes can be used. The present 
compositions in liposome form can contain, in addition to a compound of the present 
invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the 
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. Methods 

30 to form liposomes are known in the art. See, for example, Prescott, Ed., Methods in Cell 
Biology, Volume XIV, Academic Press, New York, N.W., p. 33 et seq (1976). 

While the compounds of the, invention can be adnninistered as the sole active 
pharmaceutical agent, they can also be used in combination with one or more other agents 
used in the treatment of disorders. Representative agents useful in combination with the 

35 compounds of the invention for the treatment of type 2 diabetes include, for example, 
insulin, troglitazone, rosigHtazone, piogUtazone, glipizide, metformin, sulfonylurea, 
acarbose, and the like. Representative agents usefiil in combination with the compounds of 
the invention for the treatment of Alzheimer's disease include, for example, donepezil. 
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tacaine and the like. Representative agents useful in combination with the compounds of 
the invention for the treatment of bipolar disease include, for example, Uthium salts, 
valproate, caibamazepine and the like. A representative agent useful in combination with 
the compounds of the invention for the treatment of stroke is, for example, tissue 
5 plasminogen activator. 

When additional active agents are used in combination with the compounds of the 
present invention, the additional active agents may generally be employed in therapeutic 
amounts as indicated in the Physicians' Desk Referentce (PDR) 53"* Edition (1999), 
which is incorporated herein by reference, or such tfaerapeuticaUy usefiil amounts as would 

10 be known to one of ordinary skill in the art 

The compounds of the invention and the oflier therapeuticaUy active agents can be 
administered at the recommended maximum clinical dosage or at lower doses. Dosage 
levels of the active compounds in the compositions of the invention may be varied so as to 
obtain a desired therapeutic response dq>eaiding on the route of administration, severity of 

15 the disease and the response of the patient. The combination can be administered as 
separate compositions or as a single dosage form containing both agents. When 
administered as a combination, the therapeutic agents can be formulated as separate 
compositions that are given at the same time or different times, or the therapeutic agents 
can be given as a single composition. 

20 The foregoing and other aspects of the invention may be better understood in 

connection with the following representative examples. 

..//.. 
25 ..//.. 
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EXAMPLES 

Example 1 

Characterization and Purification Methods 

Compounds of the present invention were charactmzed by high performance liquid 
chromatography (HPLC) using a Waters Millennium chromatography system with a 2690 
Separation Module (Milford, Massachusetts). The analytical columns were Alltima C-18 
reversed phase, 4.6 x 250 mm fix)m Alltech (Deofield, Illinois). A gradient elution was 
used, typically starting with 5% acetonitrile/95% watCT and progressing to 100% 
acetonitrile over a period of 40 minute. All solvents contained 0.1% trifluoroacetic acid 
(TFA). Compounds were detected by ultraviolet light (UV) absorption at eith^ 220 or 254 
nm. HPLC solvents wctc from Burdick and Jackson (Muskegan, Michigan), or Fisher 
Scientific (Pittsburgji, Pennsylvania). In some instances, purity was assessed by thin layer 
chromatography (TLC) using glass- or plastic-backed silica gel plates, such as, for 
example, Baker-Flex Silica Gel 1B2-F flexible sheets. TLC results were readily detSited 
visually under ultraviolet light, or by employing well known iodine vapor and other 
various staining techniques. 

Mass spectrometries analysis was performed on a Fisons VG Electrospray Mass 
Spectrometer. All masses are reported as those of tiie protonated parent ions. 

Nuclear magnetic resonance (NMR) analysis was performed with a Varian 300 
MHz NMR (Palo Alto, California). The spectral reference was either TMS or the known 
chemical shift of the solvent Some compound samples were run at elevated temperatures 
(i.e. 75°C) to promote increased sample solubility: 

The purity of some of the invention compounds was assessed by elemental analysis 
(Desert Anal3^ics, Tucson, Arizona) 

Melting points were determined on a Laboratory Devices Mel-Temp apparatus 
(HoUiston, Massachusetts). 

Preparative separations were carried out using either a Flash 40 chromatography 
system and KP-Sil, 60 A (Biotage, Charlottesville, Virgmia), a Chromatotron radial 
chromatography device (Harrison Research, Palo Alto, California), or by HPLC using a C- 
18 reversed phase column. Typical solvents employed were dichloromethane, methanol, 
ethyl acetate and triethyl amine. 
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Example 2 

Solid Phase Synthesis of Pyrimidine Compounds 
QResin Method A) 

. Step A: Knoevenagiel Condensation 
5 A suspension of benzaldehyde-bound resin (Ig, 0.52 mmol) in 8 ml of 1:1 

alcoholrdioxane was treated with 2.2 mole p-ketoester arid 1.3 mmol an amine, e.g., - - ~ 
piperidine. The reaction mixture was shaken for 20 hours at room temperature and the 
resin was then filtered and washed with 4 x 10 ml dichloromethane (DCM). 

Step B: Cyclization and Oxidation to the Pyrimidine Nucleus 

10 The product fi-oih Step A (100 mg, 0.052 mmol) was combined with 0.26 mmol of 

the pyrazole carboxamidine hydrochloride and 0.13 romol NaHCOa in 1 ml N- 
methylpyrrolidinone. The reaction mixture was shaken at 70°C for 24 hours. Following ^ 
cooling, the reaction was washed successively with water, methanol, DMF, methylene 
cMbride and ether, then dried. Cleavage of a small amoimt of resin indicated that the 

15 desired dihydropyrimidine was present in high yield. 

The dried resin was then taken up in THF and 1.1 eq. of dicyanodichloroquinone 
(DDQ) was added. The resulting slurry was stirred for 0.5 hours at which time the resin 
was washed with DMF, 10% NaaHCOa, H2O, dimethylformamide (DMF), methanol 
(MeOBT), methylene chloride and ether, then dried. Cleavage of a small amount of this 

20 resin with trifluoroacetic acid/metiiylene chloride indicated the presence of a pyrimidine in 
higji yield. 

Step C: Amine Displacement and Release from the Solid Support 

A suspension of the pyrimidine (50 mg, 0.026 mmol) in 0.75 ml NMP was treated 
with 1 mmol of an amine and 0.26 mmol acetic acid. The reaction mixture was shaken at ^ 

25 SO^'C for 24-48 hours. Followmg cooling, the resin was washed 4x each with methanol, 
DMF, and methylene chloride. The resin was then dried and a solution of 5% 
trifluoroacetic acid in methylene chloride was added. The resin was shaken for 2 hours, 
then filtered and washed 3x with methylene chloride. The combined filtrates w»e 
concentrated, taken up in 1 : 1 water/acetonitrile and lyophilized to dryness. 

30 The following compounds of the present invention were prepared according to 

Resin Method A using the ketoester and amine identified in parentheses: 

Ethyl 4<4-carbamoylphenyl)-6-ethyl-2<{2-[(5-nitro(2-pyridyl))amino]ethyl}- 
amino)pyrimidine-5-carboxylate (from ethyl 3-oxo-Valerate and 2-(2-aminoethylamino)-5- 
nitropyridine (dehydration of this compound using trifluoracetic anhydride yielded ethyl 4- 

35 (4-cyanophenyl)-6-ethyl-2K{24(5-nitro(2-pyridyl)amino]ethyl}ainin 
carboxylate) 
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Ethyl 4-(4-carbamoylphenyl)-2-({2-[5-nitro(2-pyridyl))aiiimo]ethy^ 
pyridyl)pyrimidine-5-carboxylate (fix)m ethyl 3-(4-pyridyl)-3-oxopropionate and 2-(2- 
aminoethylamino)-5--nitropyridme) 

Ethyl 4-(4-carbamoylphenyl)-2-({2-[(5-mtro(2-pyridyl))amino]eth^^ 
5 nitrophenyl)pyrimidine-5-carboxylate (from ethyl 3-.(4-mtrophenyl)-3-oxoproprionate and 
2-(2-aminoethylamino)-5-mtropyridine) 

Example 3 . . 
Solid Phase Synthesis of Pyrimidine Compounds: 
(Resin Method 

10 Step 1: Sasrin resin (Bachem Biosciences, 5.0 g, nominal substitution 1.02 

mmol/g) was shaken with triphenylphosphine dibromide (2.3 g) in dry dichloromethane 
(60-70 ml) for 4 hours at room tempemture. All solvents and glassware used to carry out 
this reaction were dry. The resin was washed well with dichloromethane. 

Step 2: The resin from Step 1 was tiien reacted with a primary amine (0.5-1 M) in 

15 1-methylpyrrolidone (NMP) at 70-80°C for 3-5 hours to produce an aminomefhyl resin, 
which was used immediately after prq>aration. The resin was then thoroughly washed . 
with dimefhylsulfoxide (DMSO) (or DMF) and dichloromethane, then dried in vacuo at 
room temperature. 

Step 3: After drying, the resin was coupled overnight with 4-acetylbenzoic acid 
20 using benzotriazole- 1 -yl-oxy-tris-pyroUidino-phosphonium hexafluorophosphate (PyBop®, 
which is available from Novabiochem, San Diego, California), 4-methylmorpholine and 
NMP in accordance with the method described in Example 10 (i.e., "Resin Method C") 
(except that cleavage of the product from the resin was carried out under more strongly 
acidic conditions, i.e., typically 20-100% trifluoroacetic acid (TFA) in DCM (e.g., 60% 
25 TFA in DCM)). 

Other types of resin having a pendant CH2OH group can also be used in carrying 
out this method such as, for example, Wang resin (Novabiochem, San Diego, California). 
It is also possible to load the primary amine onto a solid support by other methods such as, 
for example, reductive amination of a solid support'containing an aldehyde. 
30 Examples 4-9 describe the synfliesis of compoxmds of the present invention 

pursuant to Resin Method B. 

Example 4 

Synthesis of N-{(3-bromophenvl)methyni4-r2-(l3-r(5-nitro(2- 
pyridyDaminolpropvl) amino)pvrimidin-4-vnphenvll carboxamide 
35 Stepl : A solution of 2-chloro-5-nitropyridine (3 . 1 6 g, 20 mmol) in dry acetonitrile 

(40 ml) was added drppwise to a solution of 1,3-diaminopropane (5.0 ml) in acetonitrile 
(20 ml) at room temperature. After 7.5 hour, a yellow solid precipitated in the reaction 
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mixture. The solvent was removed in vacuo and the residue was partitioned between 2.5 
M aqueous sodiiim hydroxide and dichloromethane. The layers were separated and the 
aqueous portion was extracted 3x with dichloromethane. The combined organic layers 
were back-extracted with a saturated sodiiun chloride solution, then dried and concentrated 
5 m vacuo losing a Buchi rotary evaporator Model R-'124 to give (3-aminopropyl)(5-nitro(2- 
pyridyl))aniine as a yellow solid (2.55 g). The amine (1.14 g, 6 mmol) was shaken with 
benzotriazole carfooxamidinium 4-methylben2enesulfonate (2.0 g, 6 nmiol) and 
diisopropylethyl amine (DIEA) (1.05 ml, 6 mmol) in acetonitrile (10 ml) at room 
tonperature over two days. Dilution with ether gave the amino- {3-[(5-mtro(2- 

1 0 pyridyl))amino]propyl} carboxamidinium 4-methylben2enesulfonate as a solid. 

Step 2: Sasrin resin (10 g) was shaken with triphenylphosphine dibromide (4.5 g) 
in dry dichloromethane (ca. 80 ml) at room temperature for 4 hours. The resin was washed 
well with dichloromethane and air-dried briefly. The air-dried resin was divided into 6 
equal portions. One portion was heated at VO'^C for 4 hours with a solution of 3- 

15 bromobenzylamine (8 mmol) in NMP (12 ml). The resin was washed well with DMF and 
dichloromethane and dried overnight in vacuo at room temperature. The dried resin was 
then shaken with a solution of PyBop® (3.12 g, 6 mmol), 4-acetylbenzoic acid (1.0 g, 6 
mmol), and 4-methyImorpholine (12 mmol) in NMP (12 ml) at room temperature 
overnight. The resin was washed with DMF, DMSO and dichloromethane and briefly air- 

20 dried. The resin was ttien heated witti N,N-dimethylformamide dimethylacetal (10 ml) at 
95°C for 9 hours. After cooling, the resin was washed with dichloromethane and dried in 
vacuo at room temperature. The resin (80 mg) was then reacted with , 100 mg of the 
guanidine prepared in Step 1 plus cesium carbonate (160 mg) with NMP (2 ml) at 95°C 
overnight, followed by cleavage with 60% TFA in dichloromethane to give N-{(3- 

25 bromophenyl)methyl]{4-[2-({3-[(5-nitro(2-pyridyl)an3ino3propyl}aini^ 
yl]phenyl} carboxamide. 

HPLC: 25.31 min (98% pure); MS; MH^= 562/564 (1 Br); C26H24N7Br03 = 561/563 
g/mol. 

Example 5 

30 Synthesis of N-KS-bromophenvDmethyll (4-r2-({2-rf5-cvanof2- 

pyridyDaminolethyl ) amino)pvrimidin-4-vl1phenyl I carboxamide 
Step 1 : 6-Chloronicotinitrile (2.0 g) was treated with ethylenediamine (5 ml). The 
mixture was then heated at 50''C for 22 hours. Excess ethylenediamine was removed by 
rotary evaporation. The residue was partitioned between 2.5 M aqueous sodium hydroxide 
35 and dichloromethane. The aqueous layer was extmcted 4x more with dichloromethane. 
The combined organic layers were washed with a saturated sodium chloride solution, dried 
and then concentrated in vacuo to give 6-[(2-anunoethyl)amino]pyridine-3-carbonitrile as 
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an amber liquid which solidified upon standmg. The amine (0.97 g, 6 mmol) was shaken 
overnight with benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) 
and DIEA (1.05 ml, 6 mmol) in acetonitrile (10 nil). Addition of ether gave amino {2-[(5- 
cyano(2-pyridyl)amino]ethyl}carboxanddimum 4-methylbenzenesulfonate as a white 
5 solid. 

Step 2; The guanidine from Step 1 (120 mg) was reacted with the resin prepared as 
in Example 4, Step 2 (80 mg) in the presence of cesium carbonate (160 mg) in NMP (2 ml) 
at 90°C ovemigjit. Treatment of the resin with 60% TFA in dichloromethane gave the title 
compound. 
10 HPLC: 23.70 min (98% purity) 

MS: MBr= 528/530 (1 Br) CzeHjzNTBrO- 527/529 g/mole 

Example 6 

Synthesis of N-r(3-methoxvphenvl)methvn (4-r2-( (2-r(5-mtro(2- 
■ pyridvl))aminolethvl> amino)pyrimidin-4-yl1phenyl) carboxarmde 

15 Step 1: 2-(2-anMnoethylamino)-5-nitropyridine (Aldrich Chemical Co., 

Milwaukee, Wisconsin) (1.08 g, 6 mol) was shaken witti benzotriazole carboxamidinivim 
4-methylbenzenesulfonate (2.0 gm, 6 mmol) and DIEA (1.05 ml, 6 mmol) in a mixture of 
acetonitrile (10 ml) and DMF ( 3 ml) at room temperature ovemigjit. Addition of ether 
gave amino[2-[(5-nitro(2-pyridyl)annno]ethyl} carboxamidinium 4-mefliylbenzene- 

20 sulfonate as light orange crystals. 

Step 2: The Sasrin resin was prepared as described in Step 2 of Example 3. The 
resin (500 mg) was heated with a solution of 3-methoxybenzylamine (600 jxl) in NMP (6 
ml) at 70°C for 4 hours. The resin was then washed with DMF and dichloromethane and 
then shaken with a solution of PyBop® (1.04 g, 2 mmol), 4-acetylbenzoic acid (0.33 g, 2 

25 mmol), 4-methylmorpholine (4 mmol) in NMP (6 ml) at room temperature overnight. A 
small aliquot of the resin was treated with 20% TFA in dichloromethane to give the 
intermediate, (4-acetylpheuyl)-N-[(3-methoxyphenyl)methyl]carboxamide (HPLC: 23.94 
min (97%); MS; MH^= 284 (as required)). The resin was then heated at 95*'C for 7 hours 
inDMFDMA(5ml). 

30 After heating, the resin was washed with dichloromethane, then dried in vacuo. 

Dried resin (120 mg) was reacted with 120 mg of the guanidine prepared in Step 1 plus 

cesium carbonate (160 mg) in NMP (2 ml) overnight at 90°C. Cleavage with 20% TFA in 

dichloromethane gave the title compound. 

HPLC: 22.32 min (85% pure) 
35 MS: MBT- 500 C26H25N7O4 = 499 g/mole 
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Example 7 

Synthesis of 4-(2- ir3^(4-nitroimida2olyl)propyl1ai)3ino>pvri^ 

Step 1: 4-Nitroiinidazole (5.0 g, 44 mol) in DMFrTHF (1:1 (v/v), 40 ml) was 

treated at room temperature with 60% NaH (2.2 g). When hydrogen evolution had ceased, 

3-bromopropylphthalimide (11.79 g, 44 mmol) was added, followed by heating at 70°C 

overnight. The nuxture was cooled, diluted with dichloromethane and carefully quenched 

wifli water. At this point the solid product precipitated out to give 2-[3-(4- 

riitroirnida2oIyl)propyI]isomdoline-l,3-dione as a white solid, 8.85 g. The solid was 

refluxed with methanol (60 ml) and anhydrous hydrazine (4 ml) overnight The mixture 

was cooled to 4°C, then filtered. The filtrate was concentrated to dryness, thra partitioned 

between dichloromethane and 2.5 M aqueous sodium hydroxide. The organic layer was 

washed witti saturated sodium chloride solution, dried and concentrated in vacuo to give 3- 

(4-nitroiinidazolyl)propylamine as an orange ^mjp, 2.24 g. The amine, 1.18 g was treated 

with benzotriazole carboxamidinium 4-mefhylbenzOTesulfonate (2.2 g) and DIEA (1.5 ml) 

15 in acetonitrile (8 ml) with shaking at room temperature overnight. Addition of ether gave 

ainino[3-(4"mtroiniidazolyl)propyl]carboxanudinium 4-methylbenzenesulfonate as a beige 
solid. 

Step 2: The Sasrin resin (prepared according to Example 3, Step 2) (2.5 g) was 
heated at SO^^C with 4-hydroxyacetophehone (700 mg) and cesium carbonate (600 mg) in 

20 NMP (10 ml) for 24 hours. The resin was then washed with DMF, water, DMF and 
dichloromethane and dried in vacuo. The dried resin was then heated overnight with 
DMFDMA (10 ml) at 105°C. The resin was cooled, filtered and washed well with 
dichloromethane and dried in vacuo. The dried resin (100 mg) was then treated with 100 
mg of the guanidine prepared in Step 1, 200 mg of cesium carbonate and .3 ml of NMP at 

25 105°C for 66 h. The resin was washed with DMSO, acetic add, water, DMSO and 
dichloromethane, tiien shaken with 100% TFA for 1 h, and filtered. The filtrate was 
concentrated in vacuo and lyophilizied to give the title compound. 
HPLC: 16.85 min (75% purity) 
MS: MH*"- 341 CieHieNeOa = 340 g/mol 

30 Example 8 

Synthesis of 4> r2>-((2-r(5>nitro(2-pvridvn)amino1ethvUamino)-5-phenylpvrimi^^^ 

yllphenol 

Bromome&yl sasrin resin (prepared according to Example 3, Step 2), 0.9 g, was 
heated with benzyl 4-hydroxyphenyl ketone (1.06 g, 5 mmol) and cesium carbonate (1.6 g) 
35 in NMP (8 ml) at 80°C overnight. The resin was washed serially with DMF, water, DMF 
and dichloromethane and dried in vacuo. The dried resin was heated with DMFDMA (8 
ml) at lOO^^C ovemigjit. After cooling the resin was filtered and washed well with 
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dichloromethane, then dried in vacuo. The resin (75 mg) was then reacted with 100 mg of 
amino{2-[(5-mtro(2-pyridyl))ainino]ethyl}carboxamidimum 4-methylbenzenesulfonate 
and 200 mg of cesium carbonate in NMP (2 ml) at 104°C for 64 honrs. The resin was then 
washed with DMSO, acetic acid, water, DMSO and dichloromethane. The resin was 
shaken with 100% TFA at room temperature (1 h). The resin was filtered and Ihe filtrate 
concraitrated in vacuo^ feen lyophilized to give the title compound. 
HPLC: 22.53 min (95% purity) 
MS:MH*^=429 C23H20N6O3 == 428 g/mol 

Example 9 

Synthesis of r(3-Bromophenvnmethvna4-r2-({2-r(5-nitro(2- 
pyridyl))amino1ethvU amino)pvrimidine-4-vl1phenvU sulfonvDamine 

Step 1: Sasrin resin (500 mg) substituted with m-bromobenzylamine (according to 
Step 1 of Example 3) was treated with 4-acetylbenzenesulfonyl chloride (1.1 g, 5 mmol) 
and DIEA (L22 ml, 7 mmol) in dichloromefliane (10 ml) with shaking at room temperature 
for 0.5 hours. Then 4-dimethylaminopyridine (122 mg, 1 mmol) was add^^ followed by 
shaking overnight at room temperature. The resin was washed well with DMF and 
dichloromethane, then heated with DMFDMA (10 mL) at 95°C overnight. The resin was 
washed well with dichloromethane and dried in vacuo at room temperature. 

Step 2: The resin prepared in Step 1 (70 mg) was treated with amino[2-[(5-mtro(2- 
pyridyl)amino]ethyl}carboxamidinium 4-methylben2CTesulfonate (100 mg) and cesium 
carbonate (160 mg) in NMP 2 ml) at 95''C overnight. The resin was serially washed with 
DMSO, acetic acid, water, DMSO, dichloromethane and then treated with 60% TFA in 
dichloromethane at room temperature for 0.5 hours. The resin was filtered off and the 
filtrate was concentrated in vacuo and lyophilized to give the title compound. 

HPLC: 26.62 min (100% purity) 

MS: Mir" = 584/586 C24H22N7Br04S = 583/585 g/mol (1 Br) 
The following additional compounds were sinwlarly synthesized according to Resin 
Method B by varying the guanidine used: 

4-(2- {[2-(4-nitrophenyl)ethyl]ainino }pyrirQidin-4-yl)benzanaide 

4- {2-[(2-(2-pyridyl)ethyl)amino]pyriniidin-4-yl}benzamide 

4- {2-[(4-pyridylmethyl)amino]pyriniidin-4-yl}benzamide 

4-[2-({2-[(5-nitro-2-pyridyl)aniino]ethyl}amino)pyriimdin-4-yl]beiiz^ 

4-(2- {[2-(pyrimidin-2-ylandno)ethyl]amino}pyriniidin-4-yl)benzaimde 

4-{2-[(3-imidazol-5-ylethyl)amLino]pyrimidin-4-yl}benzamide 
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4-(2- {[2-(benzotluazol-2-yIammo)ethyl]amino}pyriinidin-4-yl)ben2a^ 

4-{2-[(2-{[5-(Mfluoromethyl)-2-pyridyl]mniiK)}ethyl)ammo]pyrim 

4-[2-({2-[(5-cyano-2-pyridyl)ainino]ethyl}amino)pyiimidin-4^^ 

4-{2-[(2-{[5-(aminotWoxomethyl)-2-pyTidyl]amino}elhyl)ammo]pyrim^ 
yl}baizainide 

4-(2-{[(3-bromophenyl)me1hyl]amino}pyrixiudm-4-yl)benzamide 

4-[2-({[4-(4-fluorophenyl)phenyl]meilhyl}ammo)pyiinudm-4-yl]be^^ 

4- {2-[4-bai2ylpiperazmyl]pyrimidin-4-yl}benzainide 

4-(2-{[(5-methylpyrazin-2-yl)methyl]amino}pyrirnidin-4-yl)be^^ 

4- {2-[(3-iiiudazolylpn>pyl)ammo]pyrumdin-4-yl}beitz;^ 

4- {2-[(2,2-diphenylethyl)anuno]pyTiinidm-4-yl}benzamide 

'^[2-({[3-(trifluon»iethyl)phenyl]methyl}amino)pyrm 

4-(2-{[(3-mtropheaiyl)methyl]ainino}pyiimidm-4-yl)bei^ 

4-{2-[(naph1hyb3iethyl)ainino]pyiiinidin-4-yl}benzainide 

4-(2-{[(4-bromophenyl)methyl]ainino}pyrimidin-4-yl)ben2amide 

4-(2-{[(3,5-dicMorophenyl)me&yl]ainmo}pyrimidin-4-yI)benzainide 

4-(2-{[(3-methoxyphenyl)methyl]ammo}pyrimidin-4-yl)be^ 

4-[2-({[3-(3-me1iioxyphenyl)phcaiyl]me%l}ainiiM>)pyTiimdm 

4-[2K{[3-(3-aiMinc>phenyl)phenyl]methyl}animo)pyrimi^^ 

4-{2-[({3-[3-(acetylainino)phenyl]phea3yl}methyl)amino]pyiimidm-4-yl}benz^ 
4-[2-({[4-(3-aminophenyl)j3henyl]me1iiyl>amiho)pyriimdm 
4-(2-{[(3-dilorophenyl)mefiiyl]amino}pyriinidin-4-yl)benza^ 
4-(2-{[(2,4-dicWorophenyl)methyl]amino}pyriimdin-4-yl)ben2amide , 
4-(2- {[(3-methylphenyl)me&yl]ainino}pyrimidm-4-yl)bai2aimde 
4-(2- {[(3,4-dimethoxyphenyl)me%l]anuno}pyrimidm-4-yl)benzamide 
4-[2-( { [4-(trifluoromethyl)phenyl]methyl} aniino)pyriimdin-4-yl]benzainide 
4-(2-{[(4-methoxyphenyl)methyl3aniino}pyrraiidm-4-yl)ben^ 
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4-(2-{[(4-aminophenyl)methyl]amino}pyrimidin-4-yl)^ 

4-[2-({[3,5-bis(trifluoromethyl)phenyl]methyl}ammo)py^ 

4- {2-[4-(2-methoxyphenyl)pipera2inyl]pyriinidin-4-yl}bei^^ 

4- {2-[( {3-[3-(trifluoromethyl)phenyl]phenyl}methyl)ainino]pyri 

4-(2-{[2-(3-methoxyphenyl)ethyl]anuno}pyrimidin-4-yl^^ 

4-(2-{[2-(4-fluorophenyl)ethyl]amino}pyriinid^ 

4-(2-{[(3,4,5-trimetiioxyphenyl)methyl]aimno}pyrim 

{4-[2-({2-[(4«ammo-5-cyanopyrknidin-2-yl)aixiino]e^ 
N-[(3-bromophenyl)methyl]carboxaimde 

4-[2-( {2-[(4-amino-5-cyanopyriinidm-2-yl)ainm 

4-[2-( {3-[(5-mtro-2-pyridyl)araino]propyl} amino)pyrimidin-4-yl^ 

4-(2- {[(4-cyanophenyl)methyl]amino}pyriimdin-4-yl)ben^^ ' 

4-{2-[(2-phenylpropyl)aminoipyrimidin-4-yl}ben^ 

4-{2-[(2-phmoxyethyl)ammo]pyrimidin-4-yl}beiizaiiiide 

4-(2- { [2-(2,5-dimethoxyphenyl)ethyl]aimno}pyriimdin-4-yl^^ 

4-(2-{[(2,6-dimethoxyphenyl)me^hyl]amino}pyrim 

4-(2-{[2-(2-methoxyphenyl)ethyl]ainmo}pyriinidin-^^ 

4- {2-[(4-phenylbutyl)amino]pyriimdin-4-yl}benzaimde 

4- {2-[(2-(2H-benzo[3,4-d] 1 3-dioxolen-5-yl)ethyl)aimno 

4-(2-{[2-(3-cWorophenyl)ethyl]aimno}pyrimidin-4-yl)benzam^ 

4-(2-{[2-(23-dimethoxyphenyl)efhyl]ainino}pyriinidm 

4-{2-[(3-phenoxypropyl)ainino]pyrimidin-4-yl}benzamide 

4-(2-{[3-(4-cMorophenoxy)propyl]aimno}pyrimidin-4-yl)bera 

4-(2- {[3-(4-methoxyphenoxy)propyl]aiiiino}pyiiinidin-4-yl^^ 

4-(2-{i3-(3-methoxyphehoxy)propyl]amino}pyrimidin-^^ 

4-(2- { [3-(3-bromophenoxy)propyl]amino}pyrunidin-4-yl)benzamide 

4-(2- {[3-(2,4-dicWoropheooxy)propyl]ammo}pyrimidin^ 
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4-[2-({3-[3-(trifluo«)me1hyl)phenoxy]propyl}aniino)pyrimi 
4-(2-{[3-(3-mefhylphenoxy)propyl]amino}pyrimi^^ 
4-(2-{[3-(4-phenyliinidazolyl)propyl]ainino}pyrimid^ 
4-(2-{[3-(5,6-dichloroben2dinidazoIyl)propyl]amino}pyr^ 
5 4-(2-{[3-(3,4-dichlorophmoxy)propyl]amino}pyrimidm^ 
4-(2-{[3-(5,6-dimethylben2imidazolyl)propyl]a 
4- {2-[(3-(6-qijinolyloxy)propyl)amino]pyrimidin-4-yl}beiizaB^ 
4- {2-[(3-naphthyloxypropyl)ainino]pyrimidm-4-yl^ 
4-(2- {[3-(3-phenylphenoxy)propyl]ainmo}pyrimidm^ 
10 4-(2-{[3-(4-nitroiinidazolyl)propyl]ainino}pyri^ 

4*(2- {[3-(4,5-dicUoroiimdazolyl)propyI]ainino}pyr^ 

4- {2-[(3-benziimdazolylpropyl)ainino]pyrinudm^ } -2-chlorophenol 

4-[2-( {3-[4-(2,4-dicWorophenyl)imidazolyl]propyl} amino)pyriirddin-4-yl]ben2xmide 

4-[2K{3-[4-(3-me&oxyphenyl)inudazolyl]propyl}anm 

15 . Example 10 

Solid Phase Synthesis of Pyridine Compounds 
(Resin Method C) 

Rink amide resm (Novabiochem, San Diego, CA, nominally 0,46 mmol/g 
substitution) was deprotected with 20% v/v piperidine in DMF (ca. 60 ml, 0.5 hours, room 

20 temperature). The resin was washed thoroughly with DMF and dichloromethane, then 
treated with 4-acetylbenzoic acid (8 mmol), PyBOP®.(8 mmol, Novabiochem), 4- 
inethyhnoipholine (12 mmol) and NMP (50 ml) for 8.5hours at room temperature on a 
wrist shaker. The resin was washed with DMF and dichloromethane, air dried, and then 
divided into 3 portions. Each portion was treated with N,N-dimethylfoimamide dimethyl 

25 acetal (ca. 1 2 ml) with heating at 1 05*=*C overnight (ca. 1 3 hours). The reactions were 
allowed to cool and the resin was washed with dichlorometihane, then dried in vacuo at 
room temperature. 

For the synthesis of pyrimidines, typically 100 mg of the above dried resin was 
mixed with 200-300 mg of anhydrous cesium carbonate, 80-200 mg (most usually 100 mg) 
30 of the appropriate guanidine as its tosylate salt and 2-3 ml of NMP. This mixture was 
heated at 90- 105^C for at least 12 hours. In many cases the reactions were allowed to 
proceed for about 65 hours at this temperature. The resin was cooled, filtered and washed 



BNSDOCID: <WO 02204O5A2_l_> 



wo 02/20495 



-48. 



PCT/USOl/42081 



with DMSO, glacial acetic acid, water, DMSO and finally dicWoromethane. The product 
was removed by treatment of the resin with 95:5 v/v dichloromethane/TFA for 0.5-1 hours 
at room temperature. The resin was then filtered, washed with dichloromethane and the 
filtrates were concentrated on a rotary evaporator. An aliquot was withdrawn for HPLC 
5 analysis and the rest of the sample was lyophilized twice firom a 1:1 acetonitrile:water 
solvent mixture, which usually gave the pyrimidine as a fluffy solid. 

Examples 11-16 describe the synthesis of compounds of the present invention 
pursuant to Resin Method C. 

Example 1 1 

10 Synthesis of 4-(2-(r2>(2-pvridvlainino)ethyl1aniino>pyrhnidin-4>ynben2a^ 

2-(2-Aminoethylamino)pyridine (prepared from 2-chloropyridine and 
efhylenediamine in accordance with the method described in T. Mega et al., 1988, Bull . 
Chem . Soc. Japan 61:4315, which is incorporated herein by reference) (6 mmol) was 
treated with benzotriazole carboxamidinium 4-methylbenzenesulfonatesuIfonate (2.0 g, 6 

15 mmol) and DIEA (1.05 ml, 6 mmol) in anhydrous acetonitrile (10 ml) for 65 lidurs.'^Hther 
(ca. 10 ml) was fhm added to this mixture. After 8 hovts tiie white solid amino[2-(2- 
pyridylamino)ethyl]carboxamidmium 4-methylben2enesulfonate was filtered off and dried 
in vacuo. The resulting guanidine (200 mg) was reacted with 100 mg of resin (21 hours, 
90°C) according to the method described in Example 10 (Resin method C), to give the title 

20 compound. 

HPLC: 1 1.20 min (97% pure) 

MS: MHr'=335 CigHigNdO = 334 g/mol 

Example 12 

Synthesis of 4-(2-ir2-f2-quinolvlamino)eflivllamino>- 
^ 25 pyrimidin-4"vl)benzamide 

2-Chloroquinoline (7.0 g) was heated at 120*^0 under argon with etiiylenediamine 
(50 ml) for 6 hours. The excess ethylenediamine was removed by rotary evaporation (oil 
pump). The residue was taken up in 2.5 M aqueous sodium hydroxide and extracted 6 
times with dichloromethane. The combined organic layers were washed with a small 
30 portion of saturated aqueous NaCl, dried over Na2S04 and concentrated in vacuo. A 
portion of the viscous product, 0.55 g (3 mmol) was treated with benzotriazole 
carboxamidinium 4-methylbenzenesulfonate (1.0 g, 3 mmol), DIEA (0.78 ml, 4.5 mmol) 
and acetonitrile (8 ml) with shaking at room temperature overnight. Precipitation with 
ether gave aniino[2-(2-quinolylamino)ethyl]carboxamidinium 4-methylben2enesulfonate. 
35 The resulting guanidine (200 mg) was reacted (21 hours, QO^'C) with 100 mg of resm 
according to the method described in Example 10 (i.e.. Resin mefliod C) to give the title 
compoimd. 
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HPLC; 12.04 min (95% pure) 

MS: MH^=385 C22H2oN60= 384 g/mol 

Example 13 

Synthesis of 4-\2'( l2"r6-methoxv-2-pvridvnainino1- 
5 ethyl) amino)pvrimidin-4-vl1betizamide 

2-Chloro-6-methoxypyridine (5.0 g). was heated with ethylenediamine (30 ml) at 
120°C overnight. The excess ethylenediamine was removed by rotary evaporation. The 
residue was dissolved in a small volume of 2.5 M aqueous sodium hydroxide and extracted 
thoroughly with dichloromethane. The combined organic layers were washed with 
10 saturated aqueous sodium chloride, dried over sodium sulfate and concentrated in vacuo to 
give (2-aminoethyl)(6-methoxy(2-pyridyl)amine as an orange syrup. The amine (2.58 g) 
was treated with benzotriazole carboxamidinium 4-methylbenzenesulfonate (0.86 g) and 
DIEA (0.45 mmol) in acetonitrile (6 ml) and stirred overnight at room temperature. 
Trituration with ether gave the guanidine, amino- {2-[(6-methoxy(2-pyridyl))amino]ethyl} 
15 carboxamidinium 4-methylbenzenesulfonate, as an oil. The oily guanidine (200 mg) was 
reacted with 100 mg of resin according to Resin Method C (90°C, overnight) to give the 
title compound. 

HPLC: 1 1.84 min (85% purity) 

MS: MH^= 365 Ci^HzoNeOs- 364 g/mol 

20 Example 14 

Synthesis of 4^f2-r(3-Ben2imidazolylpropvl)amino^- 
pyrimidin-4-vUbenzam^de 
Benzunidazole (2.4 g, 20 mmol) in dry THF (40 ml) was treated at room 
temperature with 60% NaH in oil (0.96 g). After hydrogen evolution ceased, 3- 

25 bromopropylphthalimide (5.36 g, 20 nmaol) was added and the mixture heated at 80^C 
overnight The reaction was cooled, diluted with dichloromethane and water and then 
extracted twice witii 5% aqueous potassium carbonate solution. The organic layer was 
dried over sodixim sulfate and concentrated in vacuo to give a beige solid, 4.1 g. The solid 
was dissolved in methanol (60 ml) and treated with anhydrous hydrazine (4.0 ml), 

30 followed by refluxing for 4 hours. The mixture was then cooled to 4°C for several hours, 
then filtered. The filtrate was concentrated in vacuo. The residue was partitioned between 
dichloromethane and 2.5 M aqueous sodiirai hydroxide. The organic layer was washed 
witii saturated sodiimi chloride solution, dried over sodium sulfate and concentrated in 
vacuo to give 3-benzmiidazolylpropyl amine as a pale pink oil, 1.1 g. This amine (1,03 g, 

35 6 mmol) was reacted with benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0 
g, 6 mmol) and DIEA (1.39 ml) in acetonitrile (8 ml) overnight at room temperature to 
give ainino(3-benzimidazolylpropyl)carboxanudinium 4-metiiylbenzenesulfonate which 



BNSDOCID; <WO 022049SA2_L> 



wo 02/20495 



-50- 



PCT/USOl/42081 



was obtained as a beige solid after repeated trituration with ether. The guanidine (100 mg) 
was reacted ) (65 hours, 105*^0) with 100 mg of resin in accordance with the method 
described in Example 1 0 (i.e.. Resin Method C) to give the title compound. 
HPLC: 12.12 min (95% purity) 
MSrMH'^SVS CziHsoNeO^ 372 g/mol 

Example 15 

Synthesis of 4-|2-r(3-f2-naptfaYloxv)propvl)amino1-> 
pyrimidin-4-vl)benzamide 
2-Naphthol (2.9 g, 20 mmol) in dry THF (40 ml) was treated with 60% NaH 
suspension (0.96 g) at room temperature. After hydrogen evolution ceased, 3- 
bromopropylphthalimide (5.36 g, 20 mmol) was added and the mixture was heated at 80^C 
ovemi^t. The reaction was cooled, diluted with ethyl acetate and water. The layers were 
separated and the aqueous layer extracted 3 times with ethyl acetate. The combined 
organic layers were then extracted 5 times with 5% aqueous potassium carbonate, dried 
over sodium sulfate and concentrated in vacuo. The crade product (observed'as a^single 
spot by TLC) was taken up in methanol (60 ml), treated with anhydrous hydrazine (4 ml) 
and refluxed for 3.5 hours. The mixture was cooled to 4°C for several hoxars, then filtered. 
The filtrate was concentrated to dryness, then partitioned between dichloromethane and 2.5 
M aqueous sodium hydroxide. The organic layer was washed with saturated sodium 
chloride solution, dried and concentrated in vacuo to give 3-(2-naphthyloxy)propyl amine 
as a beige solid, 1.14 g. The amine (1.14 g, 5.7 nrniol) was treated with benzotriazole 
carboxamidinium 4-methylbenzenesulfonate (1.89 g, 5.7 nunol) and DIEA (1.39 ml) in a 
mixture of acetonitrile (8 ml) and DMF (2 ml) with shaking at room temperature overnight. 
Precipitation with ether gave amino(3-(2-naphthyloxy)propyl)carboxamidinium 4- 
methylbenzenesulfonate as a white crystalline solid. This guanidine (100 mg) was reacted 
(65 hours, 105°C) with resin (100 mg) in accordance with the method described in 
Example 10 (i.e.. Resin Method C) to give the title compound. 
HPLC: 22.52 min (95% purity) 
MS: MBT" = 399 C24H22N4O2 = 398 g/mol 

Example 16 

Synthesis ofN-(l-c aibamovl-2--phenvlethvn(4--(2-{(2-(2-pyridvl)ethvnaminoV 
pyrimidin-4-vl) phenvDcarboxamide 
This Example provides a variation of Resin Method C in which the pyrimidine is 
linked to an a-amino acid residue. 

Step 1 : Rink amide resin (1.5 g) was deprotected with 20% piperidine in DMF (1 x 
0.5 hours). The resin was washed well with DMF and tiien treated with FMOC (L)- 
phenylalanine (5.0 mmol), l-hydroxybenzotriazole (5.0 mmol) and 
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diisopropylcarbodiimide (5.0 inmol) in DMF (10 ml) with shaking at room temperature for 
2 hours. The resin was washed with DMF and then treated with 20% piperidine in DMF (1 
X 30 min). The resin was washed well with DMF and then treated with PyBOP® (5 nmaiol), 
4-methyhnorpholine (8 mmol) and 4-acetylbenzoic add (5 mmol) in NMP (10 ml). After 
5 hours at room temperature, a negative ninhydrin test indicated completion of the 
reaction. The resin was washed with DMF and dichloromethane, air-dried and then heated 
with DMFDMA at 110°C ovomi^t The resin was then washed well with 
dichloromethane and dried in vacuo at rocfm tonperature. 

Step 2: The resin prepared in Step 1 (150 mg) was treated with amino(2-(2- 
pyridyl)ethyl)carboxamidinium 4-methylbenzenesulfonate (200 mg) and cesium carbonate 
(160 mg) in NMP (2 ml) at 85°C overnight. The resm was washed with DMF and 
dichloromethane and then treated with 5% TFA in dichloromethane. The resin was filtered 
off and the filtrate concentrated and lyophilized to give the title compound. 

HPLC: 15.08 min (95% purity) 

MS: MH^ = 467 C27H26N6O2 = 466 g/mol 

The following additional compounds were analogously synthesized according to 
Resin Method C by varying the guanidine used: 

N-benzyl(4- {2-[(2-(2-pyridyl)ethyl)amino]pyrinDddin-4-yl}phenyl)carboxanude 

benzyl {[4-(2- {[2-(2-pyridylanuno)ethyl]amino}pyrimidin-4-yl)phenyl]sulfonyl} 

{4-[2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} ainino)pyrutnidin-4-yl]phenyl} -N- 
benzylcarboxamide 

{4-[2-( {2-[(6-amino-5-nitro(2-p3aidyl))anciino]ethyl} amino)pyriim 
benzylcarboxamide 

N-[(4-fluorophenyl)methyl]{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl} 
4-yl]phenyl} caiboxamide 

N-[(3-bromophenyl)methyl] {4-[2-( {2"[(5"nitro(2-pyridyl))amino]ethyl} amino)pyrimidin- 
4-yl]phenyl} carboxamide 

N-<2-methoxyethyl){4^[2-({2-[(5"nitro(2-pyridyl))ainino]ethyl}amin 
yl]phenyl} carboxannide 

N<naphthylmethyl){4.[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amm 
yljph^yl} carboxamide 

{4-[2-( {2-[(5-mtro(2-pyridyl))amino]ethyl} amino)pyrinddin^^^ 
(trifluoromethyl)phenyl]methyl} carboxamide 

{4-[2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidin-4-yl]phenyl}-N-(2- 
phenylethyl)carboxamide 
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N-[(4-methoxyphenyl)methyl] {4-[2-({2-[(5-nitro(2- 

P3nidyl))ainino]ethyl} ainino)pyTinudm-4-yl]phenyl} carboxa^ 

. N-[(3-methoxyphenyl)methyl] {4-[2-({2-[(5-nitro(2- 

pyridyl))aimno]ethyl}anuno)pyrimidin-4-yl]phenyl}carijoxaimde 

{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}ainmo)pyiiinidin-4-yl^^ 
yltnethyl)carboxamide 

N-[(5-methylpyrazm-2-yl)methyl] {4-[2-({2-[(5-mtro(2- 

pyridyl))ainino]ethyl}amino)pyriimdin-4-yl]phenyl}carboxamide 

N-(2,2-diphenylethyl){4-[2-({2-[(5-mtro(2-pyridyl))amino]ediyl}anuno)pyi^ 
yl]phenyl} carboxamide 

{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}ammo)pyriimdin-4-yl]phaiyl} 
piperidylmethyl)carboxamide 

N-[2-(2,4-dichlorophenyl)ethyl] {4-[2-( {2-[(5-nitro(2- 

pyridyl))amino]ethyl}ainino)pyriinidin-4-yl]phenyl}caiboxaimde . ^ 

{4-[2-({2-[(5-nitro(2-pyridyl))ammo]ethyl}amino)pyrimidm-4-yl]phenyl}-N-(3- ' 
pyridylinethyl)carboxamide 

N-(3-iinidazolylpropyl){4-[2-({2-[(5-nitro(2-pyridyl))ainino]e%l}ainmo)p 
yl]phenyl}caiboxainide 

{4-[2-({2-[(5-nitro(2-pytidyl))amino]ethyl}amino)pyrimidin^ 
thienylm^yl)carboxaiiiide 

{4-[2-({2-[(5-nitn)(2-pyridyl))ammo]e1iiyl}ainino)pyriimdin-4^^^ 
nitrophenyl)methyl]carboxamide 

N-[(3.methylphenyl)methyl]{4-[2-({2-[(5-m1ro(2-pyridyl))ainin 
4-yl]phenyl} carboxamide 

{4-[2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}amino)pyrimidm-4-yl]phenyl}.N-[ 
sulfamoylpheayl)methyl]caiboxainide 

{4-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yllphenyl}-N-r^^ 
bromophenyl)methyl]carboxainide 

N-[(3,5-dichlorophaiyl)methyl] {4-[2-({2-[(5-nitro(2- 

pyridyl))amino]ethyl} ainino)pyrimidin-4-yl]phenyl} carboxamide 

N-[(3,4-difluorophenyl)methyl] {4-[2-( {2-[(5-nitro(2- 

pyridyl))amino]ethyl} amino)pyrimidiii-4-yl]phenyl} carboxamide 

N-[(4-bromophenyl)methyl]{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyiimidin- 
4-yl]phenyl} carboxamide 
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N-[(2,3-dimethoxyphenyl)methyl] {4-[2-({2-[(5-mtro(2- 
pyridyl))aixiino]ethyl}amino)pyriim 

N-[(3-fluorophenyl)methyl] {4-[2-( {2-[(5-mtro(2-pyridyl))ainino]ethyl) amino)pyriraidin- 
4-yl]plienyl}carboxamide 

N-[(3-bromophenyl)inethyl]{4-[2-({2-[(6-methoxy(2- 

pyridyl))amino]ethyl } ainino)pyriimdin-4-yl]phenyl} carboxamide 

[4-(2- { [(3-bromophenyl)methyl]ammo}pyritnidin-4-yl)phenyl]-^^ 
methylphenyl)inethyl]carboxainide 

N-[(3*bromophenyl)methyl] {4-[2-( {2-[(5-cyano(2-pyridyl))ainino]e11iyl}amino)pyrim 
4-yl]phenyl } carboxamide 

4-(2- {[(3- {3"[(methylainino)methyl]phenyl}phenyl)methyl]at^ 
yl)bmzainide 

N-[(3-bromophenyl)methyl](4-{2-[(3-iimda2olylpropyl)aiiim 
yl} phenyl)carboxainide 

N-[(3-bromophenyl)methyl][4-(2-{[2-(2-quinolylainm 
yl)phenyl]carboxaimde 

N-[(3-bromophenyl)mefhyl] {4-[2-({2-[(4-mtrophenyl)amino]ethyl} ainino)pyrimidin-4- 
yljphenyl} carboxamide 

N-[(3-bromophenyl)methyl](4- {2-[(2- {[5-(trifluoromethyl)(2- 

pyridyl)]amino} ethyl)amino]pyriinidin-4-yl}phenyl)carboxainide 

N-[(3-bromophenyl)methyl][4-(2-{[2-(pyrimidin-2-ylamin^^ 
yl)phenyl]carboxamide . 

N-[(3-chlorophenyl)methyl] {4-[2-({2-[(5-mtro(2-pyridyl))amino]ethyl} amino)pyrimidin- 
4-yl]phenyl} carboxamide 

N-[(3,4-dimethoxyphenyl)mefhyl] {4-[2-({2-[(5-nitro(2- 

pyridyl))amino]ethyl} amino)pyrimidin-4-yl]phenyl} carboxamide 

]Sf-[(3,4-dichlorophenyl)methyl]{4-[2-({2-[(5-nitro(2- 

pyridyl))amino]ethyl}ainino)pyriinidin-4-yl]phenyl}c^ 

[(3-bromophenyl)methyl]({4-[2-({2r[(5-nitro(2-pyridyl))amino]e1iiyl}am 
yl]phCTyl} sulfonyl)amine 

N-[(3-iodophenyl)methyl] {4-[2-( {2-[(5-nitro(2-pyridyl))ainino]efhyl} aiiiino)pyrimidin-4- 
yllphenyl} carboxamide 

[4-(2- {[2-(2,5-dime1±ioxyphenyl)ethyl]amino}pyriim 
bromophenyl)methyl]carboxamide 
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N-[(3-bromophenyl)methyl][4-(2-{[2-(3-methoxyphenyl)e&^^ 
yl)phenyl]carboxamide 

{4-[2K{2-[(5-nitro(2-pyridyl))aiiiino]ethyl}amino)py^ 
phenylcyclopropyl)carboxainide 

3- [2<{2-[(5-nitro-2-pyridyl)ainino]ethyl}amino)pyri^ 

4- [2<{2-[(5-mtro-2"pyridyl)ainmo]ethyl}ainino)^ 

4- {2-[(3-phenoxypropyl)aniino]pyriinidin-4-yl}phOT^ 
4-^(2- {[3-(4-cMorophenoxy)propyl3ainino}pyrimidin-4-^^ 
4-[2-({2-[(5-nitro(2-pyridyl))amino]e1hyl}amm^^ 
4- {2-[(3-brazimidazolylpropyl)amino]pyrimidin-4-yl} phenol 
4- {2-[(3-beiizaimdazolylpropyl)amino]pyrim 
4-(2- {[3-(4-nitroimidazolyl)propyl]aiiiino}pyriimdin-4-^^^ 
4-(2- {[3-(2-anunoben2inudazolyl)propyl]amino}pyriinidm^ 
4-(2- {[3-(4,5-dicUoroiimdazolyl)propyl]ainino}pyii^ 

Example 17 

. Solid Phase Synthesis of Pyrimidine Compounds 
(Resin Method D) 

A primary amine was loaded onto Sasrin resin as in Example 3 (i.e.. Resin Method 
B). This airiine resin was then heated with either 2,4-dichloropyrimidine or ethyl 2,4- 
dichloropyrimidine-S-carboxylate ( 200 mg of pyrimidine per 200 mg of amine resin) and 
cesium carbonate (250 mg) in NMP ( 3 ml) overnight. The resin was washed with the 
appropriate solvents (typically DMF or DMSO and dichloromethane) and then reacted 
with a second amine (e.g., a primary or secondary amine). Second amine displacement 
was typically conducted at a higher temperature in NMP, for example for 48 hours at 120- 
130°C. The resin was again washed and treated with 1 00% TFA for 0.5-1 hours to obtain 
the 2,4-diaminopyrimidine, which was frequently obtained as a soHd after lyophilization 
from a mixture of acetonitrile and water. 

Examples 18-19 describe flie synthesis of compounds of the present invention 
pursuant to Resin Method D. 
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Example 18 

Syathesis of r(3-cMorophenyl)methyl)r2-((2-r(5-mtro(2-pvridyl))aminoV 
ethyl) amino)pvrimidm-4-yl1amine 
Bromomethyl Sasrin resin (prepared as in Step 1 of Example 3, 0.9 g) was heated 
with 3-chloiobeti2ylamine (1 ml) in NMP (8 ml) at SO^C for 1.5 hours, then overnight at 
room temperature. The resin was washed with DMF and dichloromethane and dried in 
vacuo. The dried resin (200 mg) was then heated with 2,4-dichlon>pyrimidine and 250 mg 
of cesium carbonate in NMP (3 ml) at 80^C overnight The resin was washed as before- 
One half of the resin was heated with 2-(2-aimnoethylamino)-5-nitropyridine (180 mg, 1 
mmol) in NMP (2 ml) at 125°C for 66 hours. The resin was washed as before and then 
treated with 100% TEA for 0.5 hours. The resm was filtered off and flie filtrate was 
concentrated in vacuo^ then lyophilized firom acetonitrile and water to give the title 
compoimd as a yellow solid. 
HPLC: 23.46 min (82% purity) 
MS: MH^== 400 C18H18CIN7O2 =399 g/mol 

Example 19 

Synthesis of Ethyl-4-ir(3-cyanophenvl)methvnanMno>- 
2-(f2-r(S-nitro(2-pvridyl)amino1elhyl)amino)pvrinaddine-5-carboxvlate 

Bromomethyl Sasrin resin (prepared as in Step 1 of Example 3, 1.0 g) was reacted 
with 4-cyanoben2ylamine (1.5 ml) m NMP (8 ml) at 80°C for 4 hours. The resm was 
washed with DMF and dichloromethane and dried in vacuo at room temperature. The 
dried resin (400 mg) was then reacted with ethyl 2,4-dichloropyriniidine-5-carboxylate 
(prepared according to V.H. Smith and B.E. Christensen, J. Organic Chem., 20: 829 
(1955), which is incorporated herein by reference) (400 mg) and cesium carbonate (400 
mg) in NMP (4 ml) at 80°C ovemi^t. The resin was washed as before and dried. The 
dried resm (200 mg) was then heated with 2-(2-aminoethylamino)-5-nitropyridine (180 
mg, 1 mmol) in NMP (2 ml) at 104°C for 21 hours. Jhe resin was washed with DMSO, 
glacial acetic add, water, DMSO, dichloromethane and then treated with 100% TFA to 
obtain the title compound. 

HPLC: 25.27 min (100% purity) 

MS:MH'^=463 C22H22N8O4 = 462 g/mol 

The following additional compounds were prepared according to Resin method D 
using the appropriate amine: 

(4-{[(3-bromophenyI)methyl]ammo}pyriniidin-2-yl){2-[(5-nitro(2-pyridyl))arnino^ 
ethyl} amine 

[(2,4-dicMorophenyl)methyl][2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyr^ 
yl]amine 
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[(3-methylphenyl)methyl][2-({2-[(5-mtro(2-pyridyl))aii^ 
yljamine 

[(3,5-dicUorophenyl)methyl][2-({2-[(5-mtro(2-pyridyl))a^ 
yl]ainine 

5 Ethyl 4-{[(3-bromopheriyl)mefliyl]amino}-2-({2-[(5-nitro(2-pyrid 
pyriinidine-5-carboxylate 

[2-( {2-[(5-mtro(2-pyridyl))aiiiino]ethyl} aimno)pyrimi^ 

[(4-chlorophenyl)methyl][2-( {2-[(5-mtro(2-pyridyl))amino]ethyl} ajmno)pyrirnidin-4- 
yl]a3mne 

10 Ethyl 4-{[p-cMorophenyl)methyl]ammo}-2-({2-[(5-mtro(2-pyridyl))ai^ 
pyrimidine-S-carboxylate 

W) BQxyl 4-{[(4-cyanophenyl)methyl]amino}-2-({2-[(5-mtro(2-pyri 

ainino)pyriinidine-S-carboxylate 

Example 20 

15 Solid Phase Synthesis of Pyridine Compounds 

(Resin Method E) 
An amino resin (for example Sasrin resin loaded with a prim 
in Resin Methods B (Example 3) and D (Example 18)) was reacted with, e.g., 2,6-dichloro- 
3-nitropyridine and cesium carbonate in NMP at temperatures within the range of about 
20 25-50°C for a period within the range of from about 5 hours to about 24 hours. The resin 
was then washed with DMF and dichloromethane and heated with a primary amine m 
NMP at temperatures from 70-1 00°C overnight. The resins were washed as described in 
Example 1 8, and the pyridine products obtained by treating the resin with 20-100% TFA 
^ ) for 0.5-1 hours (preferably with 80-1 00% TFA). 

25 Example 2 1 describes the synthesis of compounds of the present invoation pursuant 

to Resin Method E. 

Example 21 

Synthesis of {2-r(6-amino-5-nitro(2-pyridyl)amino1ethvll- 
( 5-nitro-6-rbenzylamino1(2-pyridyl)} amine 
30 Step 1: 2-Amino-6-chloro-3-nitropyridine (obtained from 2,6-dichloro-3-nitro- 

pyridine by the method of V.W. von Bebenberg, Chemiker-Zeitung. 103:387 (1979), 
which is incorporated herein by reference) (2.65 g) was treated at room temperature with 
ethylenediamine (5 ml). The temperature was gradually raised to 100°C. After 4 h the 
excess ethylenediamine was removed by rotary evaporation. The residue was partitioned 
35 between dichloromethane and 2.5 M aqueous sodium hydroxide. The aqueous lay^ was 
further extracted 3 times with dichloromefliane. The combined organic layers were 
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concentrated in vacuo to give (2-aininoethyl)(6-ainino-5-iiitro(2-pyridyl))atnine as a canary 
yellow solid. 

Step 2: Bromomethyl Sasrin resin, prepared according to Step 1 of Example 3, was 
heated with benzylamine (2 ml) in NMP (6 ml) at TO^'C for 4 hours. The resin was washed 
with DMF and dichloromethane and dried in vacuo. The dried resin (100 mg) was heated 
with 2,6-didiloro-3-rutropyridine (190 mg, 1 mmol) and cesium carbonate (100 mg) in 
NMP (2 ml) at 50^C for 5.5 hours. The resin was then washed with water, DMF and 
dichloromethane. The resin was air dried and then heated with the amine from St^ 1 (90 
mg) in NMP (2 ml) at 95°C overnight. The resin was washed with DMSO, acetic add, 
water, DMSO, dichloromethane and then treated with 20% TFA to give the title 
compound. 

HPLC: 28.47 mm (87% purity) 

NMR: (300 MHz, 7/1 acetonitrile-da/DzO, 75 ^C: 8.0 (2H, two overlapping d), 7.2-7.4 
(5H, Ph), 5.9 (2H, 2d overlappmg), 4.75 (s, 2H), 3.50-3.65 (m, 4H) 

The following additional compounds were similarly prepared according to Resin 
Method E by varying the pyridine and primary amine: 

{2-[(5-nitro(2-pyridyl))amino]ethyl} {5-nitro-6-[ben2ylamino](2-pyridyl)} amine 

6- {[2-( {5-mtro-6-[benzylamino]-2-pyridyl } amino)ethyl]aniino}pyridine-3-carbonitrile 

{6-[(2-methoxyethyl)amino]-5-nitro(2.pyridyl)}{2-[(5-nitro(2-pyridyl))amino^ 

(6-{[(2,4-dicWorophenyi)methyl]amino}-5-nitro(2-pyridyl)){2.[(5-nitro(2-pyri^ 
aminojethyl} ainine. 

Example 22 

Synthesis of 4-r2-(r2-r(5-nitro(2-pvridvmammo1ethvnanMno)-5-n)enzvlam 

4-yllbenzenecarbonitrile (Resin Method 
Ben^lamine was reacted with bromomethyl Sasrin resin to give a benzylamine 
substituted resin as in Step 1 of Example 3. This resin (150 mg) was shak^ with 4- 
cyanophenacylbromide (130 mg), DMF (2 ml) and 2,6-lutidine (200 jil) at room 
temperature for 6.5 hours. The resin was washed with DMF and dichloromethane and 
briefly air dried. It was then heated with DMFDMA (3 ml) at 80**C overnight. The resin 
was then washed with DMF and dichloromethane and dried in vacuo. The dried resin was 
heated with aii]ino{2-[(5-nitro(2-pyridyl))arnino]ethyl}carboxamidmium 4-methyl- 
benzenesulfonate (120 mg) and cesixmi .carbonate (160 mg) in NMP (2 ml) at 90*^0 
overnight. The resin was washed with DMF, water, DMF and dichloromethane and then 
treated with 95:5 TFArwater to give the title compound. 
HPLC: 25.61 min (80% pure) 
MS: MH^=467 C25H22N802= 466 g/mol 
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Example 23 

Solid Phase Synthesis of Pyrimidines (Cs = carboxvl) 
CResin Method G) 

A mixture of polystyrene Wang resin (Novabiochem, 0.41 mmol/g, 2.2 g, 1.21 
mmol), a p-ketoester (commercially available from Aldrich or Lancaster Chemical, 36.3 
mmol) and dimethylaminopyridine (DMAP, 12.1 mmol) in toluene (22 ml) was shaken for 
16 hoiirs at 90*'C. The resin was filtered and washed with DCM, DMF, DCM, then dried. 

A mixture of the dried resin (100 mg, 0.055 mmol), an aldehyde (0.55 mmol), 
piperidine (0.055 mmol), acetic acid (0*055 mmol) and 3 A Molecular Sieves (Aldrich) in 
DMF (1.0 ml) was shaken for 16 hours at room temperature. The resin was fUtered and 
washed with DMF and DCM, then dried. 

To a mixture of the resulting resin (100 mg, 0.055 mmol) and NaHCOa (12 mg, 
0.138 mmol) was added 0.4 M of the appropriate guanidine in DMF (1.0 ml, 0.4 mmol). 
The mixture was ftten shaken for 16 hours at 70 ^^C. . The resin was thea filtered and 
washed with DMF, water, meflianol, DMF, DCM, and dried. ^ 

This resin was treated with 0.1 M DDQ in THF (1.1 ml, 0.11 mmol) for 3 hours at 
room temperature. The resin was filtered and washed with DMF, saturated NaHCOa (aq), 
water, methanol, DMF, DCM, then dried. The resin was treated with 95% TFA/water for 1 
hour at room temperature, then filtered and washed with DCM. The filtrate and washings 
were combined and evaporated. The residue was dissolved in acetonitrile/water (1:1) then 
lyophilized. 

In all cases, the product pyrimidines were of purity >80% as determined by ilPLC; 
MS and NMR analysis. 

The following compounds were prepared according to Resin Method G using 
amino {2-[(5-iiitro(2-pyridyl)amino]ethyl}carboxamidinium 4-toluene sulfonate as the 
guanicKne soxirce and the p-ketoester and aldehyde indicated in parentheses: 

6-(2-Fluorophenyl)-2-({2-[5-nitro(2-pyridyl)amino]ethyl}amino)^^^ 

carboxylic acid (ethyl 3-(4-fluorophenyl)-3-oxoproprionate and benzaldehyde) 

2-( {2-[5-Nitro(2-pyridyl)amino]ethyl} ammo)-6-(4-nitrophenyl)-4-phenylpyridine-5- 
carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and benzaldehyde) 

6-Methyl-2-( {2-[(5-nitro(2-pyridyl)amino]ethyl} amino)-4-phenylpyrimidine-5-carboxylic 
acid (ethyl acetoacetate and benzaldehyde) 

4,6-bis(4-Nitrophenyl)-2-({2-[5-mtro(2-pyridyl)amino]ethyl}arnino)pyridm^ 

acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-nitroben2aldehyde) 

2-({2-[5-Nitro(2-pyridyl)ammo]ethyl}amino)-6-(4-nitrophenyl)-4-(4-pyridyl)p 

5-carboxylic acid (ethyl 3-(4"nitrophenyl)-3-oxoproprionate and 4- 
pyridylcarboxaldehyde) 
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4-(4-Methoxyphenyl)-2-({2-[5-mtro(2-pyridyl)amino]e&^^ 

pyrimidine-5-carboxylic acid (ethyl 3-(4-mtropheDLyl)-3-oxoproprionate and 4- 
methoxybenzaldehyde) 

4-(4-Oyanophenyl)-2<{2-[(5-nitro(2-pyridyl)amino]eth^^ 

pyriimdine-S-carboxylic acdd (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4- 
cyanobenzaldehyde) 

M{2-[(5-Nitro(2-pyridyl))aniino]ethyl}ainmo)-4-(4-mtrophenyl)pyr^ 
acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and fonnaldehyde) 

4,6-bis(4-Cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)anuno]ethyl}an^ 

carboxylic acid (ethyl 3-(4-cyanoplienyl)-3-oxoproprionate and 4- 
cyanobenzaldehyde) 

4-(4-Cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)amino]ethyl}ainmo)-6-^^ 

pyrimidine-S-carboxylic acid (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 3- 
nitrobenzaldehyde) 

4-(4-Cyanophenyl)-2-({2-[(5-mtro(2-pyridyl)a]iimo]ethyl}amino)- 

carboxylic acid (ethyl 3-(4-cyanophenyl)-3-oxproprionate and benzaldehyde) 

4-(3-Cyanophenyl)-2-({24(5-nitro(2-pyridyl)amino]ethyl}ainino)-6>(4-m^ 

pyrinaidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 3- 
cyanobenzaldehyde) 

4-(3-Hydroxyphenyl)-2-({2-(5-iiitro(2-pyridyl)aniino]ethyl}anii^ 

pyrimidine-S-caiboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxopropri6nate and 3- 
hydroxybenzaldehyde) 

2-({2-[(5-Nitro(2-pyridyl))amino]efiiyl}amino)-4-(3-nitrophenyl)-6-(4-^ 

pyrimidine-S-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 3- 
nitrobenzaldehyde) 

2-({2-i(5-Nitro(2-pyridyl))amino]ethyl}amino)-6-(4-nitn)phra^ 

pyrimidine-S-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4- 
quinolinecarboxaldehyde) 

2-({2-[(5-Nitro(2-pyridyl))amino]ethyl}amino)-6-(4-nitrophenyl)-4-[4-(tri^ 

phenyl]pyrimidine-S-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 

4- trifluoromethylbenzaldehyde) 

4-({4-Carboxyphenyl)-2-({2-[(S-mtro(2-pyridyl))amino]ethyl}anm 

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4- 
carboxybenzaldehyde) 

4-Cyclohexyl-2-({2-[(5-nitro(2-pyridyl))anaino]ethyl}animo)-6-(4-nifr^^ 

5- carboxylic acid (ethyl 3-(4-mtrophenyl)-3-oxoproprionate and 
cyclohexanecarboxaldehyde) 
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4-(4-Cyanophenyl)-6-(4-fliiorophenyI>2-({2-[(5-nitro(2-py^^ 

pyrimidine-S-carboxylic acid (efhyl 3-(4-<yanophenyl)-3-oxoproprionate and 4- 
fluorophenylbenzaldehyde) 

4-(4-Cyanophenyl)-6-(3-fuiyI)-2K{2-[(5-nitro(2-pyri^ 

carboxylate (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 3-fiiiylcarboxaldehyde) 

Example 24 

Solid Phase Synthesis of Pvrimidines (Cs = carboxyl, C4 or Cg =H) 

(Resin Method G) 

A suspension of resin (Novabiochem, San Diego, USA, 0.51 mmol/g, 100 mg, 0.0 
mmol) in DMF-dimethylacetal (1 ml) was shaken for 17 hour at room temperature. The resin y< 
filtered and washed with DCM and ether, then dried. 

To a mixture of the resultinig dried resin (100 mg, 0.055 mmol) and NaHCOa (12 n 
0.138 mmol) was added 0.4 M solution of the appropriate guanidine in- DMF (1 .0 ml, 0.4 inmc 
The mixture was shaken for 16 hours at 70 °C. This resin was then filtered and wash 
successively with DMF, water, MeOH, DMF, DCM, and then dried. The resin was -Seated w 
95% TF A/water for 1 hour at room temperature, then filtered and washed with DCM. The filtn 
and washings were combined and evaporated. The residue was dissolved in acetonitrilerwater (] 
v/v) and lyophilized to give a pyrimidine. 

The following compounds were prepared according to the above method using Nh 
nitropyridine-6-yl)aminoethylguanidine and the appropriate p-ketoester and aldehyde: . 

4-methyl-2-({2-[(5-nitro(2-pyridyl)amino]ethyl} anMno)pyrimidine-:5-carboxylic acid 

2-({2-t(5-nitro(2-pyridyl)ainino]ethyl}amino)-4-(4-nit|X)phenyl)pyrimidm^^ 
acid 

4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))aniino]ethyl}amino)-6-(3-m^ 
pyrimidine-5-carboxylic acid. 

Example 25 
Solution Phase Synthesis 
(Solution Method A) 

A carbonyl-containing compound (e.g., p-keto esters, p-keto sulfones, P-keto 
nitriles, a-nitro ketones, and the like) was dissolved in a suitable organic solvent (usually 
THF) and treated with a slight excess (1.2-2 equivalents) of DMFDMA. The mixture was 
heated at 60-80°C for 3-15 hours, most typically 3-5 hours. The reaction mixture was then 
cooled. When a done on a small scale (0.2-lmmol) there was no attempt to remove the 
slight excess of DMFDMA present, rather the cooled mixture was directly added to a 
mixture of a guanidine (1 equivalent) and an appropriate base (for example, cesium 
carbonate or 1.2 equivalents of sodium ethoxide in 1 ml of ethanol). 
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The reaction was then heated at 70-80°C for 12-24 h. At the conclusion of the 
reaction the vials were cooled, poured into dichloromethane or ethyl acetate and washed 
with saturated aqueous sodium bicarbonate solution. The organic layer was concentrated 
in vacuo and the product was precipitated or crystallized, usually by addition of water to 
5 acetonitrile or ethanol solutions of the product. In some cases chromatographic 
purification was performed, either by semi-preparative HPLC or by radial chromatography 
using silica gel plates on a Chromatotron (Harrison Research, Palo Alto, CA) eluting with 
mixtures of dichloromethane and methanol. Larger scale reactions were performed in 
round bottom flasks using typical organic chemistry apparatus. 
10 Examples 31, 35-45, and 50-59 describe the synthesis of compounds of the present 

invention pursuant to Solution Method A. 

Example 26 

Synthesis of Ethyl 4-(4-cvanophenyl)-2-{r2-(2-quinolylamino)ethyllamino>- 

pyiimidine-5-carboxylate 

15 Ethyl 3-(4-cyanophenyl)3-oxopropanoate (64 mg, 0.3 mmol) was heated with 

DMFDMA ( 50^1) and dry THF (1 ml) at 70°C for 3 hours. The cooled mixture was then 
added to a suspension of a]nino[2-(2-quinolylamino)ethyl]carboxamidinium 4- 
methylbenzenesulfonate Qsrepared according to Example 12), (120 mg, 0.3 mmol) in 
e&anol (2 ml) containing 0.35 mmol of sodium ethoxide. The reaction was then heated at 

20 80°C overnight and thien concentrated in vacuo. The residue was taken up in 
dichloromethane and washed with saturated aqueous sodium bicarbonate. The organic 
layer was concentrated in vacuo. The residue was taken up in acetonitrile. Addition of 
water gave a precipitate which was filtered off and dried to give the title compound. 
HPLC: 22.12 min (90% purity) 

25 MS: MH^= 439 C25H22N6O2 = 438 g/mol 

Example 27 

Synthesis of Ethyl 4-(6-morpholin-4-yl(3-pyridyn)-2-(|2-r(5-nitro(2- 
pyridyl))amino1ethyl>amino)pyrimidine"5-carboxylate 
Step 1: Ethyl 6-chloronicotinate (5.0 g) and morpholine (10 ml) were mixed and 
30 then heated to lOO^^C. In less than 5 minutes at this temperature, a thick paste formed. 
Acetonitrile (15 ml) was added and heating was continued overnight at 90'^C. The mixture 
was cooled, diluted with water and extracted with ethyl acetate. The organic layer was 
dried and concentrated in vacuo to give ethyl 6-morpholin-4-ylpyridine-3-carboxylate as a 
white soUd. 

35 NMR (300 MHz, CDCI3: 8.80 (s, IH), 8.05 (d, IH), 6.60 (d, IH), 4.35 (q, 2H), 3.80 (m, 
4H), 3.65 (m, 4H), 1.35 (t, 3H). 
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The solid was refliixed in a mixture of THF and aqueous potassium hydroxide for 2 
hoiirs. The THF was renaoved in vacuo and the aqueous layer was extracted with ethyl 
acetate. The aqueous layer was then acidified with acetic acid. A white solid precipitated 
out and was washed with water and dried to give 6-morpholin-4-yIpyridine-3-carboxylic 
5 acid. 

NMR (300 MHz, DMSO-dg ) 8.65 (s, IH), 7.95 (d, IH), 6.85 (d, IH), 3,70 (m, 4H), 3.60 
(m,4H) 

Step 2: The add described in Step 1 was converted to the P-keto ester as follows. 
The acid (5.6 g., 27 mmol) in dry THF (100 ml) was treated at room temperature with 

10 oxalyl chloride (40 mmol) followed by several drops of DMF. The mixture was then 
refluxed for 2 hours. The solvent was removed in vacuo to give a yellow solid acid 
chloride. Potassium ethyl malonate (Aldrich Chemical Co., 9.2 g, 54 mmol) and 
anhydrous magnesium chloride (6.48 g) were mixed in dry acetonitrile (100 ml). Then 
triethylandne (6 ml) was added and the mixture stirred at room temperature for 4 hours. 

15 An additional 3 ml of triethylamine was added, followed by addition of the; acid chloride 
dissolved in 50 ml of dry acetonitrile. The mixture stirred overnight at room temperature, 
then the solvent was removed in vacuo. The residue was treated with toluene (ca. 200 ml) 
and then sufficient 25% aqueous HCl was added to dissolve the residue entirely. The 
mixture was shaken and organic and aqueous layers separated. The toluene layer was 

20 washed with water. The combined aqueous layers were then washed twice with toluene. 
The organic layers were discarded. The pH of the aqueous layer was adjusted to pH 7 by 
addition of solid sodium caibonate. The aqueous layer was then extracted with toluene. 
Concentration of the toluene layer in vacuo gave ethyl 3-(6-morpholin-4-yl)(3-pyridyl)-3-. 
oxopropanoate as a yellow solid, 

25 Step 3: The p-keto ester from Step 2 (83 mg, 0.3 mmol) was heated with 

DMFDMA (50^1) and dry THF (1 ml) at 70°C for 3 hours. The cooled mixture was then 
added to a suspension of amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4- 
methylbenzenesulfonate (120 mg, 0.3 mmol) in ethanol (2 ml) containing 0.35 mmol of 
sodium ethoxide. The reaction was then heated at 80°C overnight and then concentrated in 

30 vacuo. The residue was dissolved in dichloromethane, then washed with saturated aqueous 
sodium bicarbonate. This organic layer was then concentrated in vacuo, then redissolved 
in acetonitrile. Addition of water gave a precipitate which was filtered oflF and dried to 
give the title compound. 
HPLC: 18.77 min (98%) 

35 MS: MH^= 495 C23H26N8O5 = 494 g/mol 
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Example 28 

Synthesis of Ethyl 2-((2-r(6-amino>5-nitro(2-pvridvD)amino1ethvU-- 
amino)-4-(4-cyanophenyl)pyrimidine-5-carboxvlate 
To a solution of ethyl 3-(4-cyanophenyl)-3-oxopropionate (63 mg, 0.3 mmol) in 
THE (1 ml) was added DMFDMA (50 jil). The solution was heated at 70°C for 3 hours 
and then added to a mixture of anaino[2"[(5-nitro(2-pyridyl)aniino]ethyI}carboxamidinium 
4-mefhyIbenzenesulfonate (123 mg, 03 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide 
(0.35 naJ). This mixture was heated at 80°C ovemigjit The reaction was cooled, diluted 
with dichloromethane and washed with aqueous sodium bicarbonate. The organic layer 
was concentrated in vacuo^ the dissolved in acetonitrile. The product was precipitated with 
water to give the title compound. 
HPLC: 25.21 min 

MS: MBT*" = 449 C2iH2oN804= 448 g/mol 

NMR (DMSO-d6): 1.02 (t, 3H), 3.60 (m, 4H), 4.10 (q, 2H), 5.95 (d, IH), 7.60 (d, 2H), 
7.85 (d, 2H), 7.90 (d, IH), 8.80 (s, IH) 

Example 29 

Synthesis of ethyl 2-(l2-f(6-ainmo-5-nitro(2-pyridyl))aminolethvUamino)-4-(4- 
morpholin-4-ylphenyl)pyrimidin-5-carboxYlate 
To a solution of ethyl 3-(4-morpholinopheiiyl)3-oxopropanoate (70 mg, 0.3 mmol) 
in THE (1 ml) was added DMFDMA (60 \xl). The solution was heated at 70°C for 3 hours, 
then added to a mixture of amino[2-(6-amino-5-nitro(2-pyridyl)amino]ethyl}- 
carboxamidinium 4-methylbenzenesulfonate (123 mg, 0.3 mmol), ethanol (1 ml) and 1.0 
M sodium ethoxide (0.35 ml). The mixture was heated at 80°C oveauight, then cooled, 
diluted with dichloromethane and washed with saturated aqueous sodium bicarbonate 
solution. The organic layer was concentrated in vacuo^ dissolved in acetonitrile. and the 
product precipitated with water to give the title compound. 
HPLC : 22.37 min. (85% purity) 
MS:MH"' = 509 C24H28N805= 508 g/mol 

NMR (DMSO>d6): 1.05 (t, 3H), 3.3 (m, 4H), 3.60 (m, 4H), 3.78 (m, 4H), 4.15 (q, 2H), 5.95 
(d, IH), 6.90 (d, 2H), 7.45 (d, 2H), 7.95 9d, IH), 8.60 (s, IH) 

Example 30 

Synthesis of Ethyl 2-((24(6>amino-5-nitro(2-pvridyl)aniino1ethyUamino)-- 
4-(2,4-dichloroph^yl)pyrimidine-S-carboxylate 

To a solution of ethyl 3-(2,4'-dichlorophenyl)-3-oxopropionate (78 mg, 0.3 mmol) 
in THE (2 ml) was added DMFDMA (70 ^il). The solution was heated 3 hours at 70^C, 
then cooled and added to a suspension of amino[2-(6-amino-5-mtro(2-pyridyl)- 
amino3ethyl}carboxamidinium 4-methylben2enesulfonate (123 mg, 0.3 mmol), dry ethanol 
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(1 ml) and 1.0 M sodium ethoxide (035 ml). This mixture was heated at 80^C overni^t 
The mixture was cooled, diluted with dichloromethane and then extracted with saturated 
aqueous sodium bicarbonate. The organic layer was concentrated in vacuo and the residual 
oil was dissolved in acetonitrile. Addition of water gave the title compound as a yellow 
5 solid. 

Example 3 1 

Synthesis of Ethyl 4-(4-cvanophenylV2-(l2-r(5-nitro(2- 
pyridyl))amino1ethyl>amino)pyrimidine"5-carboxvlate 
To a solution of ethyl 3-(4-cyanophenyl)-3-oxopropionate (65 mg, 0.3 mmol) in 
10 THF (1 ml) was added DMFDMA (50 ^il). The solution was heated at 70°C for 3 hours. 
The solution was then added to a mixture of aniino[2-[(5-nitro(2-pyridyl)amino]- 
ethyl} carboxandidinium 4-mefliylbenzenesulfonate (120 mg, 0.3 mmol), dry ethanol (1 ml) 
and 1.0 M sodium ethoxide (0.35 ml). The mixture was heated at 80°C overnight The 
mixture was cooled, diluted with dichloromethane and washed wifli saturated aqueous 
15 sodium bicarbonate. The organic layer was concentrated in vacuo^ then dissolved in 
acetonitrile. The solid product was precipitated by addition of water to give flie title 
compound. 

HPLC : 28.05 min. (95% pure) 

Example 32 

20 Synthesis of 2-((2-((5-nitro(2-pvridvl)amino)ethyDaminoM~(4--cvanophenvlVpvriim^^^ 

5"Carboxvlate 

To a suspension of 1.0 g (2.3 mmol) of ethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2- 
pyridyl)amino]ethyl}amino)pyrimidine-5-.caiboxylate (prepared as described in Example 
31) in 1:1 methanol/water was added 1.5 mmol of sodium hydroxide and the solution 
25 warmed to 60°C for 45 nunutes. During fliis time the reaction became homogenous. After 
cooling the mixture, the pH was adjusted to about 5.0 at which time the desired add 
precipitated from solution. This solid was collected and dried to give 890 mg (2.2 mmol, 
98% yield) of 2-((2-((5-nitro(2-pyridyl)amino)ethyl)amino)-4-(4-cyanophenyl)- 
pyrimidine-5-carboxylate as a light yellow powder. 

30 Example 33 

Synthesis of 2-f dimethylamino)etfayl 4-f4-cyanophenvl)-2-(f2-r(5-nitror2- 

pyridyDaminolethyl) amino)pyrimidine-5"Carboxylate 
2-((2-((5-nitro(2-pyridyl)anaino)ethyl)amino)-4-(4-cyanophenyl)-pyriinidine-5- 
carboxylate (300 mg, 0.74 mmol) (prepared as described in Example 32) was suspended in 
35 5 ml of 2-(dunethylamino)ethanol at room temperature. 0-Benzotriazole-N,N,N*,N- 
tetramethyluronium-hexafluoro-phosphate (HBTU) (Advance Chem Tech, Louisville, 
Kentucky) was then added in one portion and the mixture stirred for 18 hours at room 
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temperature. The resulting clear solution was poured onto atn ice water mixture and 
extracted thoroughly with ethyl acetate. The aqueous layer was back extracted with ethyl 
acetate 2x. The combined organic layers were then dried with sodium sulfate and 
concentrated in vacuo. HPLC and NMR analysis indicated that the desired compound, 2- 
(dimethylamino)ethyl 2-((2-((5-nitro(2"pyridyl)ainino)etiiyl)anuno)-4-(^ 
pyrimidine-5-carboxylate, was formed in quantitative yield (> 95%). 

By substituting an alcohol or amine for the 2-(dimethylamino)ethanol indicated 
above, the following additional compounds of the present invention were similarly 
synthesized (the alcohol or amine employed is indicated in parentheses): 

tert-Butyl 4<4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyr^ 
caiboxylate (tert-butyl alcohol) 

Methyl 4-(4-cyanophenyl)-2-( {2-[((5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5- 
carboxylate (methanol) ' 

Butyl 4-(4-cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5- 
carboxylate (n-butanol) 

Phenylmethyl 4-.(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}ainino)- 
pyrimidine-5-carboxylate (benzyl alcohol) 

N-Butyl[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyTidyl))amino3ethyl}aram 
yl]carboxan[iide (n-ljutylamine) 

[4-(4-Cyanophenyl)-2-({2-[(5-nitro(2"pyridyl))amino]ethyl}aniino)pyiim^ 
benzylcarboxanude (benzylamine) 

[4-(4-Cyanophenyl)-2-({2-[(5-nitro(2"pyridyl))amino]ethyl}amino)py^ 
dimethylcarboxamide (dimethylamine) 

N-(Cyanomethyl)[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)amino]ethyl}anm 
pyrimidin-5-yl]carboxamide (anainoacetonitrile) 

N-(tert-Butyl)[4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl)ammo]ethyl}amm 
5-yl]carboxamide (t-butylamine) 

N-[2-(Dimethylamino)ethyl][4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridy^^ 

anMno)pyrimidin-5-yl]carboxamide 38564 (2-(dimethylamino)ethyl amine) 

[4.(4.Cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))aniino]ethyl}amm 
hydroxyethyl)carboxamide (2-aminoefhanol) 

4.[5-(Morpholin-4-ylcarbonyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl^ 
yl]benzenecarbonitrile (moipholine) 

[4-(4-CyanophenyI).2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyri 
methylcaiboxamide (methylamine) 
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N-(2-Aininoethyl)[4-(4-cyanophenyl)-2-( {2-[(5-mtro(2-pyridyl)animo]ethyl} amino)- 
pyrimidin-5-yl]carboxamide (efhylenediamine) 

4-[2-( {2-[(5-nitro(2"pyridyl))amino]ethyl} amino)-5-(piperazinylcarbonyl)pyriniidin-4- 
yljbenzenecafbonitrile (piperazine) 

4-(4-Cyanophenyl>2-({2-[5-mtro(2-pyridyl)amino]ethyl}^ 
carboxamide (ammotiia) 

N-(Carbamoylmethyl)[4-(4-cyanophenyl)-2-({2-i(5-nitro(2-p^^ 
pyrimidin-5-yl]carboxamide (glycinamide) 

[4<4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]et^^^ 
pyridylmethyl)carboxamide((4-pyridyl)methylai^ 

2-Hydroxyethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethy^ 
pyrimidine-S-caiboxylate (ethylene glycol) 

N<l-Carbamoyl-2-hydroxyethyl)[4-(4-cyanophenyl)-2-({2-[(5-nifr^^ 
ethyl} ainino)pyriniidin-5-yl]carboxan3ide(sem . 

Example 34 

Synthesis of 445-(3-methyl(l ,2,4-oxadiazol-5-vnV2-(l2-rf S-nitrof2- 
pyridyl))anuno1ethyUamino)pvriimdin-4-yl1beri2enecaA 
To a mixture of ethyl 4-(4-cyanophenyl)-2.({2-[(5-nitro(2'-pyridyl))amino]- 
ethyl} aitiino)pyriimdine-.5-carboxylate (0.069 nunol, prepared as described in Example 31) 
and triethylamine (193 jxl, Q.14 mmol) in THF (1 ml) was added isobutyl chloroformate 
(13.4 fil, 0.14 mmol). After stirring at room temperature overnight, the appropriate 
amidoximine (0.14 mmol) (prepared according to CD. Bedfore et al., J. Med. Chem. 
20:2174-2183 (1986), which is incorporated herein by reference) was added and the 
mixture stirred at 70®C for 6 hours. After stirring an additional 72 hours at room 
temperature, the reaction was filtered, the solid washed successively with methanol and 
water, and dried under vacuum to give the desired oxadiazole, 4-[5-(3-methyl(l,2,4- 
oxadiazol-5-yl))-2-({2-[(5-nitro(2-^pyridyl))amino]ethyl}amino)pyr^ 
carbonitrile. The following additional compounds were prepared according to this method 
by using the appropriate amidoximine: 

4-[5-{3-[2-(dimethylamino)ethyl](l,2,4-oxadiazol-5-yl)-2-({2-[(5-nitro( 
amino]ethyl} amino)pyrimidin-4-yl) 

(2-{5-[2-({2-[(6-amino-5-nitro(2-pyridyl)amino]ethyl}amino)-4<2,4-dicWoroph^^^ 
pyrimidin-5-yl](l ,2,4-oxadiazol-3-yl)} ethyl)dimefhylamine 
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Example 35 

Synthesis of Ethyl 4-(4-morpholin-4-ylphenyl)"2-(|2'r(S>mtro(2- 
pyridyl))ainino1ethyU amino)pyiimidine"5-carboxylate 
To a solution of ethyl 3-(4-morpholinophenyl)3-oxopropionate (193 mg, 0.7 mmol) 
in THF (1 ml) was added DMFDMA(140 The solution was heated at 70°C for 3 
hours. This solution was added to a mixture of amino[2-[(5-mtro(2- 
pyridyl)anuno]efhyl}carboxaimdiniiim 4-methylbenzenesulfonate (280 mg, 0.7 nunol), 
ethauol (1 ml) and 1.0 M sodium ethoxide (0.82 ml). The mixture was heated at 80 ^'C 
ovemigiht. The cooled mixture was diluted with dichloromethane and extracted with 
saturated aqueous sodium bicarbonate. The organic layer was concentrated in vacuo, then 
dissolved in acetonitrile. The product was precipitated as an orange solid (126 mg) by 
addition of water to give the title compound. 
HPLC 25.25 min (95% purity) 

NMR (DMSO^d6): 1.15 (t, 3H), 3.20 (m, 4H), 3.60 (br. s, 4H), 3.78 (m, 4H), 4,05 (q, 2H), 

6.59 (d, IH), 6.95 (d, 2H), 7.40 (d, 2H), 8.0 (m, IH), 8.60 (s, IH), 8.90 (d, IH) 
MS: Mtt^ 494 C24H27N7O5- 493 g/mol 

Example 36 

Synthesis of Ethyl 4-((4-miidazolvlphenylV2-({2-r(5-nitro(2- 
pyridyl))aminolethvn amino)pvrimidin&-5-carboxylate 
To a solution of ethyl 3-[4-(imidazol-l-yl)phenyl]3-oxopropanoate (78 mg, 0.3 
mmol) (prepared according to L Sircar et al., J. Med. Chem. . 28:1405 (1985), which is 
incorporated herein by reference) in THF (1 ml) was added DMFDMA (50 jil). The 
solution was heated at 70°C for 3 hours. The solution was then added to a mixture of 
amino[2-[(5-nitro(2-pyridyl)airiino]ethyl}carboxaimdimum 4-methylbenzenesulfonate 
(120 mg, 0.3 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide (0.35 ml). The mixture 
was heated at 80°C overnight, cooled, diluted with dichloromethane and washed with 
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
vacuo, redissolved in acetonitrile and then the product was precipitated by addition of 
water as a yellow solid to give the title compound. 
HPLC: 18.50 min. (95% purity) 
MS:MH:' = 475 C23H22N8O4 = 474 g/mol 

NMR (DMSO-d6): 1.05 (t, 3H), 3.62 (br. s, 4H), 4.10 (q, 2H), 6.58 (d, IH), 7.15 (s, IH), 

7.60 (d, 2H), 7.70 (d, 2H), 7.75 (s, IH), 7.85 (br s, IH), 7.9-8.1 (m, 2H), 8.25 (s, IH), 8.75 
(s, IH), 8.90 (s, IH) 
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Example 37 

Synthesis of Ethyl 2-(l24(5-nitro-(2-pvridyn)anuQo1ethvUaiiiino)-4-(4^^ 

yl)phenyl)pyrimidme-5-carboxylate 
Step 1: Methyl 4-formylbenzoate (Aldrich Chemical Co., St. Louis, Missouri) (5.0 
5 g, 30.5 mmol), anhydrous potassium carbonate (4.55 g, 33 mmol) and p- 
toluenesulfonylmethyl isocyanide (TOSMIC, Aldrich Chemical Co.) (6.83 g, 30.5 mmol) 
were refluxed in methanol (100 ml) for 3.5 hours. The nmcture was then concentrated to 
dryness in vacuo. The residue was dissolved in ethyl acetate, washed twice with water, 
dried and concentrated in vacuo to give methyl 4-(l,3-oxazpl-5-yl)benzoate as a beige 
10 soUd(4.95g). 

(NMR (300 MHz, CDCI3: 8.10 (d, 2H), 7.98 (s, IH), 7.75 (d, 2H), 7.48 (s, IH), 3.94 (s, 
3H)). 

) The above ester was heated at reflux for 2 hours in a mixture of 1 M aqueous 

potassium hydroxide and 50 ml THF. The THF was removed in vacuo and the solution 
15 cooled, then acidified with 50% HCl to give 4-(l,3-oxazol-5-yl)benzoic add as a?^ white 
solid. 

NMR (300 MHz, DMSO-d6; 8.52 (s, IH), 8.05 (d, 2H), 7.82-7.9, m, 3H). 

The dried acid above was refluxed in neat thionyl chloride until all of the solid had 
dissolved. The thionyl chloride was removed by rotary evaporation (with hexane). The 

20 crude acid chloride was then dried in vacuo briefly. Meanwhile, potassium ethyl malonate 
(11.1 g, 65 mmol) and anhydrous magnesimn chloride (7.7 g, 81 mmol) in diy acetonitrile 
(150 ml) were treated with triethylamine (5.15 ml, 37 mmol). The mixture was stirred for 
3 hours at room temperature, then an additional 1 ml of triethylamine was added, followed 
by a solution of the acid chloride prepared above in dry acetonitrile (50 ml). The reaction 

25 was stirred overnight at room temperature. The mixture was concmtrated to diryness in 
vacuo and then partitioned between toluene and 0.25 M aqueous HCl. The organic layer 
was washed with water, dried and concmtrated to give arude ethyl 3-(4-(l,3-oxa2ol-5- 
yl)phenyl)-3-oxopropanoate. The crude product was purified by silica gel chromatography 
(hexanes/ethyl acetate). 

30 Step 2. To a solution of ethyl 3-(4-(l,3-oxazol-5-yl)phenyl)-3-oxopropanoate (76 

mg, 0.3 rmnol) in THF (1 ml) was added DMFDMA (60 \xl). The solution was heated at 
70°C for 3 hours. This solution was added to a mixture of amino[2-[(5-nitro(2- 
pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3 mmol), 
ethanol (1 ml) and 1.0 M sodium ethoxide (0.35 ml). The mixture was heated at 80°C 

35 overnight, cooled, diluted with dichloromethane and washed with saturated sodium 
bicarbonate solution. The organic layer was concentrated in vacuo, _ redissolved in 
acetonitrile and the product precipitated with water to give the title compoxmd as an orange 
solid. 
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HPLC : 26.75 roin. (90% purity) 

NMR pMSO-d6): 1.05 (t, 3HX 3.65 (br. s, 4H), 4,10 (q, 2H), 6.58 (d, IH), 7.58 (d, 2H), 
7.70 (s, IH), 7.75 (d, 2H), 7.82 (br. s, IH), 7,95-8.10 (m, 2H), 8.40 (s, IH), 8.75 (s, IH), 
8.85 (s,lH) 

5 Example 38 . 

Synthesis of Etfayl 4-(4-(2-furynphenvn-2-({2-rf5-nitrof2- 
pyridvl))aminoletfayl } amino)pvrimidine-5-carboxvlate 
Step 1: Ethyl 4-iodobenzoate (2.76 g, 10 mmol) and 2-furylboronic acid (Frontier 
Scientific, 1.12 g, 10 mmol)) were mixed with bis (triphenylphosphine)palladixim 
10 dichloride (100 mg) in 1,2-dimethoxyethane (20 ml) and 2 M aqueous sodium carbonate 
(20 ml). The mixture was bubbled with argon gas, then heated at 80°C under argon 
overnight. The mixture was cooled, diluted with ethyl acetate, then washed with water. 
The organic layer was dried and concentrated in vacuo to give a crude solid ester. This 
material was taken up in a mixture of THF and 1 M aqueous potassium hydroxide and 
15 refluxed for 2.5 hours. The THF was removed by rotary evaporation and the aqueous layer 
acidified with acetic acid. Cooling to 4^C resulted in tihe precipitation of 4-(2- 
fijiyl)benzoic add as a brown solid (1 .49 g) 

(NMR (300 MHz, DMSOd6: 8.10 (d, 2H), 7.90 (m, 3H), 7.24 (d, IH), 6.75 (dd, IH)). 

Step 2: The acid fi-om Step. 1 was converted to the acid chloride by refluxing in a 

20 mixture of oxalyl chloride (1.3 ml), THF (20 ml) and several drops of DMF. Small 
portions of oxalyl chloride were added until the reaction was homogeneous. Reflux 
continued for 0.5 hours, then the solvent was removed in vacuo to give the crude add 
chloride. Meanwhile, potassium ethyl malonate (2.7 g) was reacted with anhydrous 
magnesium chloride (1.9 g) and triethylamine (2.21 ml) in dry acetonitrile (50 ml) at room 

25 temperature for 3 hours. Triethylamine (1 ml) was added, followed by addition of a 
solution of the add chloride in acetonitrile. The mixture was then stirred overnight at 
room temperature, then concentrated to dryness. The residue was partitioned between 
toluene and 10% aqueous HCl. The organic layer was washed with 10% HCl and water, 
dried and was then concentrated to give crude ethyl 3-(4-(2-furyl)phenyl)-3-oxopropanoate 

30 as a solid. 

Step 3: The p-keto ester prepared in Step 2 (76 mg, 0.3 mmol) was dissolved in 
dry THF (2 ml) and heated with DMFDMA (60 jxl) at 70°C for 4 hours. This solution was 
then added to a mixture of amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxaimdinium 4- 
methylbCTzenesulfonate (120 mg, 0.3 mmol) and cesium carbonate (160 mg) and then 
35 heated at 80°C overnight to give ethyl 4-(4-(2-fi3ryl)phenyl)-2-({2-[(5-nitio(2- 
pyridyl))anuno]ethyl}amino)pyrimidine-5-carboxylate. 
HPLC: 32.05 min (80% purity) 
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MS: Mif = 476 C24H23N6O5 = 475 g/mol 

Example 39 

Synthesis of Etfayl 4-f4-cvanopheDylj-2-f f2^rf4-methvl-5-mtror2- 
pyridvl))amino^ethvU amino)pyrimidine-5-carboxvlate 

Step 1: 2-Chloro-4-methyl-5-nitropyridine (2.0 g, 11.5 mmol) in acetonitrile (10 
ml) was added dropwise to ethylenediamine (2.5 ml) in acetonitrile (10 ml). The mixture 
was stirred overnight at room temperature. The solvent was removed by rotary 
evaporation and the residue was partitioned between dichloromethane and 2.5 M aqueous 
sodium hydroxide. The aqxieous layer was further extracted 4 times with dichloromethane. 
The combined organic layers were washed with a saturated sodium chloride solution, dried 
and concentrated in vacuo to give (2-aminoethyl)(4-methyl-5-nitro(2-pyridyl))amine as an 
orange solid (L74 g). 

Step 2: The amine fix)m Step 1 (1.2 g, 6 mmol) was shaken with benzotriazole 
carboxamidinixrai 4-methylben2enesulfonate (2.0 g, 6 mmol) and DIEA (1.05 ml, 6 mmol) 
in dry acetonitrile (10 ml) at room temperature overnight. Addition of etihier result^ in the 
precipitation of amino {2-[(4-methyl-5-nitro(2-pyridyl))aniino]ethyl}carboxam 4- 
. methylbenzenesulfonate as a yellow solid . 

Step 3: Ethyl 3-(4-<yanophenyi)-3-oxopropanoate (64 mg, 0.3 mmol) m THF (1 
ml) and DMFDMA (0.3 mmol) was heated at 70°C for 3 hours. The solution was added to 
a mixture of the guanidine from Step 2 ( 123 mg, 0.3 mmol), 1.0 M sodium ethoxide in 
ethanol (0.35 ml) and ethanol (1 ml). The mixture was then heated overnight at 80°C, 
cooled, diluted with dichloromethane, then washed with saturated sodium bicarbonate 
solutioiL The organic layer was concentrated in vacuo^ redissolved in acetonitrile and the 
product precipitated with water. 
HPLC: 27.63 min (85% pure) 
MS: MH^ = 448 C22H21N7O4 ^ 447 g/mol 

Example 40 

Synthesis of 2-a2 -r(5-nitro(2-pyridyl)amino1ethvUainino)-4-phenylpyrimidine-S 

carbonitrile 

3-Oxo-3-phenylpropanenitrile (44 mg, 0.3 mmol) in THF (1 ml) and DMFDMA 
(50 fil) was heated at 70°C for 3 hours. This solution was added to a mixture of amino[2- 
[(5-nitro(2-pyridyl)aiiuno]ethyl}carboxamidiiuum 4-methylben2enesulfonate (120 mg, 0.3 
mmol), 1.0 M sodium ethoxide in ethanol (0.35 ml) and dry ethanol (1 ml) and heated at 
SO^^C ovemight, then concentrated in vacuo. The residue was then taken up in 
dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. The 
organic layer was concentrated in vacuo. The residue was taken up in acetonitrile. 
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Addition of water gave a precipitate which was filtered oflf and dried to give the title 
compoiind. 

HPLC: 13.87 min (95% pure) 

Example 41 

5 Synthesis of {2-r(5-nitro(2-pyridyl))aminolethyl>" 

(5-nitro-4-phenvlpvriimdin-2--'yl)angine 
2-'Nitro-l-phenylethan-l-one (50 mg, 0.3 mMol) was heated in THF (1 nil) and 
DMFDMA (50|j,l) for 3 h at 70''C. This solution was added to a mixture of amino[2-[(5- 
nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylhenzenesulfonate (120 mg, 0.3 
10 mmol), 1.0 M sodium ethoxide in eithanol (0.35 ml) and dry ethanol (1 ml), heated at 80^C 
overnight, then concentrated in vacuo. The residue was taken up in dichloromethane and 
washed with saturated aqueous sodium bicarbonate. The organic layer was concentrated in 
vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate 
which was filtered off and dried to give the title compound. 
15 HPLC: 15.33 mm (100% purity) 

MS: MH^= 382 C17H15N7O4 = 381 g/mol 

Example 42 

Synthesis of (5"Nitro-4"phenylpyrimidin-2-yl)r2-(2-pyridvlaniino)ethvl1 amine 
2-Nitro-l-phenylethan-l-one (50 mg, 0.3 mmol) was heated in THF (1 ml) and 

20 DMFDMA (50 fil) for 3 hours at 70*'C. This solution was added to a mixture of amino[2- 
(2-pyridyl)anMno)ethyl}carboxanMdinium 4-methylben2enesulfonate (105 mg, 0.3 mmol), 
1.0 M sodium ethoxide in ethanol (0.35 nd) and dry ethanol (1 ml), heated at 80^C 
ovemigiht, then concentrated.//? vacuo. The residue was taken up in dichloromethane and 
washed with saturated aqueous sodium bicarbonate. The organic layer was concentrated in 

25 vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate 
which was filtered off and dried to give the title compound. 
HPLC: 1 9.66 min (1 00% purity) 
MS: MH"- 337 C17H16N6O2 = 336 g/mol 

Example 43 

30 Synthesis of Ethyl 4-(4-cvanophenvl)-2-r(2-{r5-(trifluoromethvn(2> 

pyridyDlamino) ethyl)amino1pyrimidine"5"carboxvlate 
Step 1: 2-Chloro-5-(trifluoromethyl)pyridine (5.0 g) was heated with 
ethylenediamine (20 ml) at 120°C overnight The excess ethylenediamine was removed 
by rotary evaporation and the residue was partitioned between dichloromethane and 2.5 M 
35 aqueous sodium hydroxide. The aqueous layer was extracted 5 times farther with 
dichloromethane. The combined organic layers were washed with a saturated aqueous 
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sodium chloride solution, dried, then concentrated in vacuo to give (2-aminoethyl)[5- 
(trifluoromethyl)(2-pyridyl)]aniine as an orange oil. 

Step 2: The amine from Step 1 (LI g, 5.36 mmol) was treated with benzotriazole 
carboxamidinium 4-metihiylbenzenesulfonate (1.78 g, 5.36 mmol) and DIEA (0.93 ml, 5.36 
imnol) in acetonitrile (6 ml) with shaking at room temperature overnight. Addition of 
ether gave amino(2-{[5-(trifluoromethyl)(2-pyridyl)]annuno}ethyl)carboxamidiiiiu^ 4- 
methylbenzenesulfonate as a white solid 

Step 3: Ethyl 3-(4-cyanoiphenyl)~3-oxopropanoate (64 mg, 0.3 mmol) was heated 
in THF (1 ml) with DMFDMA (50 ^1) at 70°C for 4 hours. This solution was added to a 
mixture of the guanidine &om Step 2 (123 mg, 0.3 mmol), LO M sodium ethoxide in 
ethanol (0.35 ml) and dry ethanol (1 nol). This mixture was heated at 80°C overnight, then 
concentrated in vacuo. The residue was taken up in dichloromethane and washed with a 
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
vacuo. The residue was taken up in acetonitrile. Additionof water gave a precipitate that 
was filtered off and dried to give the title compound. r 
HPLC: 24.46 min (85% purity) 
MS: 1^111^= 457 C22H19N6O2F3 = 456 g/mol 

Example 44 

Synthesis of r4-(2,4-dicMorophenyn-5-inudazolylpvrimidin-2-vl1 (2-r(5-mtro(2- 

pyridyl))aminolethyU amine 
Step 1. 2,4"Dichlorophenacyl chloride (1.42 g, 6.4 nmiol) and imidazole (1.18 g, 
16 mmol) were heated in toluene (40 ml) at 75°C for 2.25 hours. The mixture was 
concentrated to dryness in vacuo. The residue was dissolved in dichloromethane and 
washed with 5% aqueous potassium carbonate solution and water, dried and concentrated 
in vacuo. The crude product was purified by passage oVer a pad of silica gel, eluting with 
5% methanol in dichloromethane to give l-(2,4-dichlorophenyl)-2-imida2olylethan-l-one 
as an orange oil. 

Step 2: The product of Step 1 (95 mg) was heated with DMFDMA (2 ml) at 105°C 
for 9 hoiirs. The solvent was XCTaoved in vacuo and the residue was dissolved in dry THF 
(2 ml) and added to a mixture of amino[2-[(5-nitro(2-pyridyl)amino]ethyl}- 
carboxamidinium 4-methylbenzenesulfonate (100 mg, 0.3 mmol) and cesium carbonate 
(200 mg). The mixture was heated overnight at 80^*0, then concentrated in vacuo. The 
residue was taken up in dichloromethane and washed with saturated aqueous sodium 
bicarbonate. The organic layer was concentrated in vacuo. The product was purified by 
radial chromatography on silica gel. 
HPLC: 22.48 min (96% purity) 

MS: Mff'= 471-473 (cluster, 2 CI) CaoHieCkNgCb = 471 g/mol 
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Example 45 

4-r2-((2-r(6-amino-5-mtrof 2-pvridvmamino1elhvnaminoV5-imidazolvlnY ri 

yllbenzenecarbonitrile 
Step 1: 4-Cyanophenacyl bromide (0.72 g, 3.2 mmol) and imidazole (0.55 g, 8 
5 mmol) were heated at 75°C in toluene (20 ml) for 2.5 hours. The mixture was 
concentrated to dryness in vacuo. The residue was dissolved in dichloromethane and 
washed with a 5% aqueous potassium carbonate solution and water, dried and concentrated 
in vacuo to give a pink soUd (0.35 g). This method is a variation of the one described in 
Sakurai et al., 1996, Chem. Pharm. Bull 44:1510, which is incoiporated herein by 
10 reference. 

Step 2: l-(4-Cyanophenyl)-2-imidazolylethan-l-one (from Step 1, 63 mg, 0.3 
mmol) was heated with DMFDMA (2 ml) at 105°C for 9 hours. The solvent was removed 
in vacuo and the residue was dissolved in dry THF (2 ml) and added to a mixture of 
amino[2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}carboxamidimum 4-melhylb«izene- 

15 sulfonate (105 mg, 0.3 mmol) and cesium carbonate (200 mg). The mixture was heated 
overnight at 80°C, then concentrated in vacuo. The residue was taken up in 
dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. The 
organic layer was concentrated in vacuo. The residue was crystallized from ethanol/water 
to give yellow needles. 

20 HPLC: 17.68 min (100% purity) 

MS: MH*=443 C2iHi8Nio02 = 442g/mol 

Example 46 

Synthesis of r4-(2.4-dichl orophenvn-5-imidazol-2-vlpvrimidm-2-vn r2-rf 5-nitror2- 

PVridvDaminolethvU amine 

25 A solution of l-(2,4-dichlorophenyl)-2-imiazol-2-ylethan-l-one (prepared from the 

appropriate acid chloride and 2-methylimidazole according to the procedure described in 
Macco et al., J. Org. Chem., 20:252 (1985), which is incoiporated herein by reference) and 
DMFDMA (10 ml/mmol of ketone) was sthred at reflux for 12 hours. After concentration 
of this solution, the resulting solid was redissolved in DMF (10 ml/mmol). CS2CO3 (3 

30 mmol) and (2-(5-nitro(2-pyridyl)amino]ethyl)carboxamidinium 4-methyIbenzenesulfonate 
(1.5 mmol) were added, and the mixture stirred for 8 hours at lOO^C. The mixture was 
cooled, filtered and the filtrate diluted with ethyl acetate and washed with saturated 
aqueous sodium bicarbonate. Concentration of the organic layers yielded [4-(2,4- 
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl)amino]ethy^ 
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. Example 47 

Synthesis of r2-r(6-amino-5-m1ro(2-pvridvl))amino1etfavl> r4>(2,4-dichlorophenvl)-5- 

imidazol-2-ylpyrimidin-2-vl1amine 
A solution of l-(2,4-dichlorophenyl)-'2-imiazol-2-ylethan-l-one (prepared from the 
appropriate acid chloride and 2-methylimida2ole according to the procediare described in 
Macco et al., J. Org > Chem. , 20:252 (1985), which is incorporated herein by reference) and 
DMFDMA (10 ml/mmol of ketone) was stirred at reflux for 12 hours. After concentration 
of this solution, the resulting solid was redissolved in DMF (10 ml/mmol). CS2CO3 (3 
mmol) and (2-(6-amino-5-nitro(2-pyridyl)aiinno)ethyl)carboxainidinium 4- 
methylben2;enesulfonate (1.5 mmol) were added, and the mixture stirred for 8 hours at 
100°C. The mixture was cooled, filtered and the filtrate diluted with ethyl acetate and 
washed with saturated aqueous sodium bicarbonate. Concentration of the organic layers 
yielded [2-[(6-amino-5-mtro(2-pyTidyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yl]amine. 

Example 48 "'^ ' 

Synthesis of 4-r5-iniidazol-2-y^2-(|24(5-nitro(2-pyridyl)amino1e<fayl>amm^^ 

yllbenzmecarbonitcile 
A solution of 4-(2-mida2ol-2-ylacetyl)benzenecarbonitriIe (prepared from the 
appropriate add chloride and 2-methylimidazole according to the procedure described in 
Macco et al., J. Org. Chem., 20:252 (1985) and DMFDMA (10 ml/mmol of ketone) was 
stirred at reflux for 12 hours. After concentration of this solution, the resulting solid was 
redissolved in DMF (10 ml/mmol). Cs2Cb3 (3 mmol) and (2-(5-mtro(2- 
pyridyl)amino]ethyl)carboxamidinium 4-methylbenzenesulfonate (1.5 mmol) were added, 
and the mixture stirred for 8 hours at 100°C. The mixture was cooled, filtered and the 
filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate. 
Concentration of the organic layers yielded 4-[5-imidazol-2-yl-2-({2-[(5-nitro(2- 
pyridyl)amino]ethyl}aiiuno)pyrirnidin-4-yl]benzenecarbomtrile. 

Example 49 

Synthesis of 4-r2-(|2-r(6>amino-5-iutro(2-pyridvn)amino1ethvUainino)>5-imida2ol-^^ 

ylpvrimidin'-4-ynbenzenecarbonitrile 
A solution of 4-(2-midazol-2-ylacetyl)benzenecarbonitrile (prepared from the 
appropriate acid chloride and 2-methylimidazoIe according to the procedure described in 
Macco et al., J. Org. Chem,, 20:252 (1985) and DMFDMA (10 ml/mmol of ketone) was 
stirred at reflux for 12 hours. After concentration of this solution, the resulting solid was 
redissolved in DMF (10 ml/mmol). CS2CO3 (3 mmol) and (2-(6-amino-5-nitro(2- 
pyridyl)amino)ethyl)carboxamidinium 4-methylbeiizenesulfonate (1.5 imnol) were added, 
and flie mixture stirred for 8 hours at 100°C. The mixture was cooled, filtered and the 
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filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate. 
Concentration of the organic layers yielded 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))- 
aniino]ethyl} amino)-5"iinidazol-2-ylpyrunidin-4-yl]beiizenecarboixitrile. 

Example 50 

5 Synthesis of Ethyl 2>((2»-r(5-nitro(2-pvridvmamino1etfayUaminoM-(4-pvridvn^ 

5-carboxylate . . * 

This compound was prepared froni ethyl 3-oxo-3-(4-pyridyl)propanoate and 
amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate in ' 
accordance with Solution Method A. 
10 HPLC: 17.78 min (90% purity) 

NMR(300 MHz, 5/1 acetonitrile-d3/D20): 8.85 (d, IH), 8.82 (s, IH), 8.80 (d, 2H), 8.01 

(dd, IH), 7.38 (d, 2H), 6.43 (d, IH), 4.10 (q, 2HX 3.60-3.80 (m, 4H), 1.06 (t, 3H). ^ 

Example 51 

Synthesis o f Ethyl 4-0-nitrophenvl)-2-ir2~(2-pvridylamino)etfayl1aniino)pviimidine>5- 
15 carboxylate 

This compound was prepared from ethyl 3-oxo-3-(3-nitrophenyl)propanoate and 
andino[2-(2-pyridylamino)ethyl]carboxamidinium 4-methylbenzenesulfonate in accordance 
with Solution Method A. 
HPLC: 21 .25 min (90% purity) 
20 MS:MH^ = 409C2oH,9N604 = 408g/mol 

Example 52 

Synthesis of Ethyl 2-((2-rf5-nitrof2-pyridyn)aminolethynamino)-4-r4- 
(trifluoromethoxy)phenynpyiimidine-5-carboxylate 
This compound was prepared from ethyl 3-oxo-3-(4- ^ 
25 trifluoromefhoxyphenyl)propanoate and amino[2-[(5-nitro(2-pyridyl)amino3ethyl}- 
carboxamidinium 4-methylbenzenesulfonate in accordance with Solution Method A. 
HPLC: 22,50 min (91% purity) 
MS: MHT" = 493 C2iHi9N605F3 - 472 g/mol 

Example 53 

30 Synthesis of Ethyl 4-(3,4-difluorophenyl)-2-((24(5-nitro(2- 

pyridvl))anginolethyl}ainino)pvrimidine-5-carboxylate 
This compound was prepared from ethyl 3-oxo-3-(3,4-difluorophenyl)propauoate 
and amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylben2OTesulfonate 
in accordance with Solution Method A. 
35. HPLC: 17.96 min (100% purity) 

MS:MHr*' = 445 C20H18N6O4F2 = 444 g/mol 
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Example 54 

Synthesis of ethyl 4-r4-fmethvlsulfonyl)phenvlV2-.((2-r(5-nitro(2- 
pyridyl))amino1ethyl}amino)pyrimi(ime-5-carboxvlate 
This compound was make from ethyl 3-(4-methylsulfonylphenyl)-3-oxopropanoate 
5 and ainino[2-[(5-mtro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylben2enesuIfonate 
in accordance with Solution Method A. 
HPLC: 1 1.21 min (100% purity) 
MS: MH'' = 487 C21H22N6O6S = 486 g/mol 

Example 55 

10 Synthesis of Ethyl 4-f4-methylthiophenyl)-2-(l24(5-nitrof2- 

pyridyl))amino1ethyl}amino)pyrimidine-5-carboxvlate 
^. This compound was prepared from ethyl 3-(4-methylthiophenyl)-3-oxopropanoate 

and amino[2-[(5-mtro(2-pyridyl)anuno]ethyl}carboxamidimum 4-tnethylbenzenesulfonate 
in accordance with Solution Method A. 
15 HPLC: 17.26 min (92% purity) 

MS:MHr' = 455 C21H22N6O4S = 454 g/mol 

Example 56 

Synthesis of Ethyl 4-r4>(dimethvlamino)phenylV2>((24(5-nitrb(2- 
pyridyn)amino1ethyll aniino)pyrimidine-5-carboxylate 
20 This compound was prepared from ethyl 3-(4-dimefhylaminophenyl)-3- 

oxopropanoate and amino[2-[(5-nitro(2-pyridyl)anadno]ethyl}carboxainidinium 4-methyl- 
benzenesulfonate in accordance with Solution Method A. 
HPLC: 9;0 min (90% purity) 
MS:MH^ = 452 C22H25N7O4- 451 g/mol 

25 Example 57 

Synthesis of Ethyl 2-( l24(6-aniino>5-nitro(2-pvridvmaminolethynaminoV4-(4- 
cyanophenynpvrimidine-5-carboxylate 
This compound was prepared from ethyl 3-(4-cyanophenyl)-3-oxopropanoate and 
amino {2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl} carboxamidinium 4-methylben2ene- 
30 sulfonate in accordance with Solution Method A. 
HPLC: 25.21 min (83% purity) 
MS: MH^ = 449 C2iH2oN804= 448 g/mol 
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Example 58 

Synthesis of Ethyl 4-(4-imidazolvlphenyl)-2-((2-r(5>-nitro(2- 
pyridyD^aminolethyl) amino)pyrirQidine-5-carboxylate 
This compound was prepared from ethyl 3-[4-(l-imidazolyl)phenyl]-3- 
oxopropanoate and anaino[2-[(5-mtro(2-pyridyl)anMno]ethyl}carboxamidiniira 4-methyl- 
benzeaesiilfonate in accordance with Solution Method A. 
HPLC: 18.50 min (91% purity) 
MS: MH^= 475 C23H22N8O4 = 474 g/mol 

Example 59 

Synthesis of Ethyl 4-(4-ethylphenyl)-2>((2-r(5-nitro(2- 
pyridyl))amino1ethyl| amino)pyrimidine-5-carboxylate 
This compound was prepared from ethyl 3-(4-ethylphenyl)-3-oxopropanoate and 
anadno[2-[(5-nitro(2-pyridyl)anmo]e&yl}caiboxamidi^ 4-methylben2enesulfi>nate in 
accordance with Solution Method A. 
HPLC: 32.45 min (95% purity) 
MS: Mff'-437 C22H24N6O4 = 436 g/mol 

The following additional compounds were prepared according to Solution Method 
A using the appropriate carbonyl containing compound and guanidine. 

Ethyl 4<2-ftiryl)-2-[(2K2-pyridyl)ethyl)anuno]pyrhmdine-5-carboxyk 

Ethyl 4-(3-mtrophenyl)-2-[(2-(2-pyridyl)ethyl)aniino]pyiin^ 

Etiiyl4-(4-fluorophenyl)-2-[(2-(2-pyridyl)ethyl)anMno]pyrinai 

Ethyl 4-(4-methoxyphenyl)-2-[(2-(2-pyridyl)ethyl)aniino]pyrimidine-^ 

Ethyl 4-(4-cyanophenyl)-2-[(2-(2-pyridyl)ethyl)a33iino]pyrimidine-5-c^^ 

2-({2-[(5-nitro(2-pyridyl))aniino]ethyl}amino)-4-(4-nifr^^ 
add 

Ethyl 4-(4-fluorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]efhyl}amino^ pyrimidine-5- 
. carboxylate 

Ethyl 2-({2-[(5-nitro(2"pyridyl))amiflo]ethyl}amino)-4-(3-quinolyl)pyr^ 
caiboxylate 

Efliyl 2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-4-(3-mtrophenyl) pyrimidine-5- 
carboxylate 

Methyl 2<{2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-4-(3-pyridyl)pyrimidm^^ 
carboxylate 
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Ethyl 2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ammo)-4-(4-n^^ pyrimidine-S- 
carboxylate 

Ethyl 4-[3,5-bis(trifluoromethyl)phenyl]-2-({2-[(5-mtro(2-pyri 
p)nimidine-5-carboxylate 

Ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-4-[4-(triflu^ phenyl]- 
pyrimidine-5-carboxylate 

Ethyl 2-({2-[(5-nitro(2-pyridyl))amino3ethyl}ammo)-4-[3Ktrifl^^ phenyl] - 
pyriimdine-5-carboxylate 

Ethyl 4-(5-bromo(3-pyridyl))-2-({2-[(5-nitro(2-pyridyl))aiiiin^^ pyrimidine-S- 
carboxylate 

Ethyl 4-(2,4-difluorophenyl)-2-({2-[(5-nitro(2-pyridyl))aiiM^ pyrnnidine-5- 
caiboxylate 

Ethyl 4-(2,4-dicWorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} pyrimidine-S- 

carboxylate ^. 

Ethyl 4-(4-cyanophenyl)-2- {[2-(pyrumdm-2-ylaiiiino)ethyl]a^^ 

carboxylate 

Ethyl 4-(4-methoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} ainino)pyrimidine-5- 
carboxylate 

Ethyl 4-(3-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}ai^ pyrimidine-S- 
carboxylate 

Ethyl 4-(4-cyanophenyl>-2-( {2-[(4-nitrophenyl)amino]ethyl} amino)pyrimidi2ie-5- 

carboxylate 

Ethyl 4-(3-fluorophenyl)-2-({2-[(5-nitro(2-pyridyl))ainino]ethyl} amino) pyrimidine-5- 
caxboxylate 

Ethyl 4-(33-dicMorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}am^ pyrimidine-S- 
carboxylate 

4-[5-(methylsulfonyl)-2-( {2-[(5-nitro(2-pyridyl))amino]efhyl} ammo)pyrimidin-4- 
yl]ben2enecarbonitrile 

Ethyl 2-({2-[(5-nitro(2-pyridyl))animo]ethyl} anuno)-4-(4-sulfamoylphenyl) pyrimidine-S- 
caiboxylate 

Ethyl 4-(4-chlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino) pyrimidine-5- 
carboxylate 

Ethyl 4-(4-bromophenyl)-2-({2-[(5-mtro(2-pyridyl))aiiiino]ethyl}ainino) pyrimidine-5- 
carboxylate 
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Ethyl 4-naphthyl-2-({2-[(5-nitro(2-pyridyl))amiiio]ethyl}am 

Ethyl 2-({2~[(5-nitro(2-pyridyl))aniino]ethyl}ammoH-^^ pyrimidine-5- 
carboxylate 

Ethyl 4-(2H-ben2:o[3,4-d] 1 ,3-dioxolen-5-yl).2-( {2-[(5^i}itro(2-pyridyl))ainino] ethyl}- 
aiiiino)pyrimidine-5-carboxylate 

Ethyl 4-(4-bxitoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))a^ pyrimidine-S- 
carboxylate 

6-[(2- { [4-(4-cyanophenyl)-5-(ethoxycarbonyl)pyrimidin-2-yl]anim ethyl) amino]- 
pyridine-3-carboxylic acid 

teat-Butyl 4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl))airdnoie&^^ pyrimidine-5- 
carboxylate 

tCTt-Butyl 6-[(2-{[4-(4-cyanophenyl)-5-(ethoxycarbonyl)pyrunidin 
amino]pyridme-3-carboxylate . 

Methyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))ainino]ethyl}a^^ pyrimidine-5- 
carboxylate 

Methyl 6-[(2- { [4-(4-<yanophenyl)-5-(ethoxycarbonyl)pyriimdin-2-yl]ai^ ethyl)- 

ainino]pyridine-3-carboxylate 

Ethyl 4-(4-cyanophenyl)-2-[(2-{[5^(moipholin-4-ylcarbonyl)(2-pyridyl)] amino}- 
ethyl)aniino]pyriniidine-5*carboxylate 

Ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(N-ethylcarbamoyl)(2-pyridyl)]ai^ 
aminoJpyrimidine-S-carboxylate 

4-[5-mtro-2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}ainino benzene- 
caifoonitrile 

Ethyl 4-(4-cyatiophenyl)-2- {[2-({5-nitro-6-[benzylamino](2-pyridyl)} amino) ethyl]- 
amino}pyrimidine-5-carboxylate 

Ethyl 4-[4-(4-methylpiperazinyl)phenyl]-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}- 
amino)pyrimidine-5-carboxylate 

Ethyl 2-.( {2-[(5-cyano(2-pyridyl))amino]ethyl} amino)-4-(4-cyanophenyl) pyrimidine-5- 
carboxylate 

Ethyl 4-(4-cyanophenyl)-2-[(2-{[6-(methylamino)-5-nitro(2-pyridyl)]amino}et^^^ 
amino]pyrimidine-5-carboxylate 

Ethyl 2-({2-[(5-mtro(2-pyridyl))amino]ethyl}amino).4-(4-(l,3-oxazol-5-y 
pyriinidine-5-carboxylate 
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Ethyl 2-( {2-[(4-amino-5-mtropyrimidin-2-yl)amino]ethyi} amino)-4-(4-cyanophenyl)- 
pyrimidine-S-carboxylate 

Ethyl 2-({2-[(6-amino-5-nitro(2-pyridyl))amino]e%l}ainm 
yl)phenyl)pyriinidine-5-carboxylate 

Ethyl 4-[4-(methylethyl)phenyl]-2-( {2-[(5-mtro(2-pyridyl))ainino]ethyl} amino) 
pyrimidine-5-carboxyIate 

Ethyl 4-[4<tert-butyl)phenyI]-2-({2-[(5-mtro(2-pyridyl))an^ pyrimidine- 
5-carboxylate 

Ethyl 4-(3,4-dicMorophenyl)-2-({2-[(5-mtro(2-pyridyl))ammo]ethyl^ pyrimidine-5- 
carboxylate 

Ethyl 4-(3,4-dimethoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]efhyl}^ pyrimidine- 
5-carboxylate 

Ethyl 4-[4-(diethylamino)phenyl]-2-({2-[(5-mtro(2-pyridyl))aiiiin 
pyrimidine-S-carboxylate 

2-({2-[(5-mtro(2-pyridyl))aiiuno]ethyl} amiiio)-4-(2,4,6-trichlorophenyl) pyrimidihe-S- 
carboxylic acid 

Ethyl 4-(4-methylphenyl)-2-({2-[(5-nitro(2-pyridyl))anu pyrimidine-5- 
carboxylate 

Ethyl 4-(2-naphthyl)-2-({2-[(5-mtro(2-pyridyl))aiTiino]ethyl}anu 
carboxylate 

Ethyl 4-(3,4-dimethylphenyl)-2-({2-[(5-nitro(2-pyridyl))aiiiino]ethyl} pyrimidine- 
5-carboxylate 

Ethyl 2-( {2-[(4-aiiiino-5-cyanopyTiinidin-2-yl)amino]ethyl} amino)--4-(4- 

cyanophenyl)pyrimidine-5-carboxylate 

4-(2-inethoxyphenyl)-2-( {2-[(5-iiitro(2-pyridyl))amino]ethyl} amino)pyriinidine-5- 
carboxylic acid • * 

Ethyl 4-(4-cyanophenyl)-2- {[2-(3-methoxyphenyl)ethyl]ainino}pyriiiiidine-5-carboxylate 

2-({2-[(6-aniino-5-nitro(2-pyridyl))ainino]ethyl}amino)-4-(3,4-^^ 
pyrimidine-S-carbonitrile 

4-(3,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidine-S- 
carbonitrile 

Ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-4-(4-(l,2,4-triazol-4-^^ 
phenyl)pyriniidine-5-carboxylate 
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2-({2"[(6-aiiiino-5-mtro(2-pyridyl))aimno]ethyl}amino)^^ 
pyriinidme-S-carbomtrile 

4-(2,4-dichlorophenyl>2-( {2-[(5-mtro(2-pyridyI))amino]ethyl} amino) pyrimidine-5- 
carbonitrile 

5 2-( {2-[(6-aniino-&-nitro(2-pyridyl))amino]ethyl} amino)-4--(2,4-dichlorophenyl) 
pyrimidine-S-carboxylic acid 

Ethyl 2-( {2-[(5-aimno(2r'pyridyl))amino]ethyl} amino)-4-(4-cyanophenyl) pyrimidine-5- 
carboxylate ^ 

Example 60 

10 Solution Phase Synthesis 

(Solution Method B) ' 
A ketone with a CH2 or CH3 group adjacent to the carbonyl group was heated in 
neat N,N-dimethylformamide dimethyl acetal (DMFDMA) at 90-1 10°C for 5 to 24 hours, 
usually 8 tol4 hours. The excess DMFDMA was then removed by rotary evaporation to 

IS give the intermediate enaminoketone as an oil or solid. This intermediate could be 
crystallized if desired, but was usually used in oude form in the next reaction step. The 
^laminoketone was dissolved in an appropriate solent such as THE, ethanol, isopropanol 
or for synthieses where a higher reaction temperature was desired, in NMP (ca. 1-2 ml of 
solvent for 0.3-1 nomol of starting ketone). 

20 This solution was then added to a nndxture of a guanidine (1 equivalent) and a 

suitable base such as sodium edioxide (freshly prepared), cesium carbonate or powdered 
sodium hydroxide. The usual combinations were cesium carbonate in THF or sodium 
ethoxide in ethanol or sodium hydroxide in isopropanol or cesium carbonate in NMP, 
although other base and/or solvent combinations can be used. The reaction was then 

25 heated at 80-125°C (depending on the boiling point of the solvent) for 12 to 66 hours. 

Small scale (i.e., 0.2-1 nmiol) reactions were conducted in screw cap vials. The 
vials were placed into predrilled thermostated aluminum blocks (Digi-BIock, Laboratory 
Devices, HoUiston, Massachusetts) and shaken on a gyrotary shaker (Lab-Line Model 
G-2). After completion of the reaction, the vials were cooled, and their contents po\u-ed 

30 into dichloromethane or ethyl acetate, then washed with saturated aqueous sodium 
bicarbonate solution. The organic layer was concentrated in vacuo and the product was 
precipitated or crystallized, usually by addition of water to acetonitrile or ethanol solutions 
of the product. In some cases chromatographic purification wag performed, either by semi- 
preparative HPLC or by radial chromatography using silica gel plates on a ChromisLtotron 

35 (Harrison Research, Palo Alto, CA) eluting with mixtures of dichloromethane and 
methanol. Larger scale reactions were performed in round bottom flasks using typical 
organic chemistry apparatus. 
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. Examples 61-66 desoibe the synthesis of cx)mpoimds prepared pursuant to Solution 
Methods. 

Example 61 

Synthesis of r2-(2-pvridvlamino)ethyl1(4-(3-pyridvl)pyrinddin-2-vl)amin^ 
5 3-Acetylpyridine (0.5 nmiol) was heated with DMFDMA (300 yl) at 90*^0 for 8.5 

hours. The solvent was removed by rotary evaporation. The residue was dissolved in 
isopropanol (2 ml) and added to 170 mg (0.5 mmol) of amino[2-(2- 
pyridylamino)ethyl]carboxamidimum 4-methylbenzenesuIfonate and powdered sodium 
hydroxide (70 mg). The mixture was heated at 85°C overnight, then concentrated in 
10 vacuo. The residue was taken up in dichloromethane and washed with a saturated aqueous 
sodiimi bicarbonate solution. The organic layer was concentrated in vacuo. The residue 
was taken up in acetonitrile. Addition of water gave a precipitate that was filtered off and 
dried to give the title compound. 
HPLC: 9.9 min (100% purity) 
15 NMR (300 MHz, 5/1 acetonitrile-da/DzO, 75 °C): 9.20 (s, IH), 8.65 (d, IH), 8.2-8.4 (m, 
2H), 7.94 (d, IH), 7.50 (dd, IH), 7.38 (t, IH), 7.10 (d, IH), 6.50 (m, 2H), 3.70 (t, 2H), 3.50 
(t,2H) 

Example 62 

Synthesis of (5-Ethvl-4-phenvlpyrimid-2-'yl)r2-(2-pvridylamino)ethyl1aniine 
20 Butyrophenone (0.5 mmol) was heated with DMFDMA (300 p.!) at 90*=*C for 8.5 

hours. The solvent was removed by rotary evaporation. The residue was dissolved in 
isopropanol (2 ml) and added to 170 mg (0.5 mmol) of anuno[2-(2- 
pyridylaiiiino)ethyl]carboxamidiiiium 4-methylbenzenesulfonate and powdered sodium 
^ hydroxide (70 mg). The mixture was heated at 90*^0 overnight, thra concentrated in 

^ 25 vacuo. The residue was taken up in dichloromethane and washed wifli saturated aqueous 
sodium bicarbonate. The organic layra: was concentrated in vacuo. The residue was taken 
up in acetonitrile. Addition of water gave a precipitate which was jBltered off and dried to 
give the title compound. 
HPLC: 17.46 min (98% purity) 
30 MS: MH^- 320 C18H21N5 = 319 g/mol 

Example 63 

Synthesis of r2-(2,5-dimethoxyphenvl)eflivll(4"(3-pvridvl)pyriimdin-2 
Step 1: 2,5-Dunethoxyphenethylamine (1.08 g, 6 mmol) was shaken with 
benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) and DIEA 
35 (1.05 ml, 6 mmol) in dry acetonitrile (10 ml) at room temperature overnight. Addition of 
ether resulted in the precipitation of amino[2-(2,5-dimethoxyphenyl)ethyl]- 
carbpxamidinium 4-methylbenzenesulfonate as a white solid. 
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Step 2: 3-Acetylpyridine (37 mg, 0.3 mmol) was heated at 100°C in DMFDMA (1 
ml) for 8 hours. The solvent was removed by rotary evaporation and the residue was 
dissolved in dry THF (2 ml) and added to a mixture of cesium carbonate (160 mg) and 120 
mg (0.3 mmol) of the guanidine prepared in Step 1. The mixture was then heated at 80°C 
5 overnight, then concentrated in vacuo. The residue was Ihen taken up in dichloromethane 
and w^hed with a saturated aqueous sodiimi bicarbonate solution. The organic layer was 
concentrated in vacuo. The residue was taken up in ethanol (2 ml). Addition of water 
gave a precipitate which was fUtered off and dried to give the title compound. - . - 

HPLC: 18.03 min (100% purity) 
10 MS:Mir'=337 C19H20N4O2 = 336 g/mol 

Example 64 

Synthesis of r4"(4-Morpholin--4-ylphenvl)pyrimidin>2"yll {2-r(5"nitro(2- ^ 
pyridyl))amino1ethyl> amine 
4-Morpholinoacetophenone (0.633 g, 2.5 mmol) was heated at lOO^'C in 4 n:il of 
15 DMFDMA for 9 hours. The mixture was concentrated to a viscous oil by rotary 
evaporation. The oil was redissolved in isopropanol (10 ml) and treated with amino[2-[(5- 
mtro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (1.0 g, 2.5 
txmniol) and powdered sodium hydroxide (200 mg). This mixture was heated at SO^^C 
overnight. The cooled mixture was diluted with dichloromelfaane and washed with 
20 saturated aqueous sodium bicarbonate solution. The organic layer was conc^trated in 
vacuo^ the dissolved in acetonitrile. The product was precipitated by addition of water. 
The brown solid was recrystalized from isopropanol to give the title compound. 
M.P. 223-225°C (with decomposition) 

Elemental Analysis; C21H23N7O3 . 0.7 H2O require C 58.10 H 5.66 N 22.59 . 
25 found C 58.02 H 5.30 N 22.39 -9 
HPLC: 20.85 min (100% purity) 
MS: MH^ = 422 g/mol (FW=421) 

NMR (DMSO-d6): 3.30 (m, 4H), 3.60 (m, 4H), 3.75 (m, 4H), 6.58 (d, IH), 6.95 (m, 3H), 
8.00 (d, 2H), 8.10 (d, IH), 8.25 (d, IH), 8.90 (s, IH) 

30 Example 65 

Synthesis of r4-(2,4-dichlorophenyl)-5-ethylpyrimid-2-vn {2-'r(5-nitro(2" 

pyridyl))amino1ethvl> amine 
Step 1 : A mixture of 2,4-dichloroben2oyl chloride (4.5 g) and copper (I) iodide 
(200 mg) in dry TKDF (30 ml) was cooled to -20''C under argon. Then a solution of n- 
35 propyl magnesium chloride (2 M in ether, 1 1.0 ml) was added dropwise. Ten minutes after 
addition was complete, the cooling bath was removed and the mixture stirred for 1 hour. 
Water was carefully added, followed by extraction with toluene. The toluene layer was 
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washed with dilute HCl, water, saturated sodium bicarbonate solution, dried and 
concentrated in vacuo to give l-(2,4-dichlorophenyl)butan-l-one (4.0 g). 

Step 2: The ketone from Step 1 (108 mg, 0.5 mmol) was heated at 95''C overnight 
with DMFDMA (1.5 ml). The solvent was removed in vacuo and the residue was 
5 dissolved in dry ethanol (2 ml) and added to a mixture of amino[2-[(5-mtro(2- 
pyridyl)amino] ethyl} carboxamidinium 4'-methylbenzenesulfonate (200 mg), 1.0 M sodium 
ethoxide (0.6 ml) and dry ethanol (2 ml). This mixture was heated at 85°C overnight, then 
concentrated in vacuo, redissoived in dichloromethane and washed with saturated sodium 
bicarbonate solution. The organic layer was concentrated in vacuo. The residue was 
10 purified by chromatography on silica gel using 10% methanol in dichloromethane to give 
an oily product. Lyophilization from acetonitrile/water gave the title compound as a solid. 
HPLC: 29.56 (85% purity) 
MS:MH^ = 433 Ci9Hi8N6Cl202=432 g/mol 

Example 66 

1 5 Synthesis of r4'(4-imidazolvlphenyl)pyrimidin-2-vll (2-r (5-nitro(2" 

pyridyl))aminolethyl>amine 
4-(l-Imidazolyl)acetophenone (57 mg, 0.3 mmol) was heated with DMFDMA (1 
ml) for 8 hours at lOS^^C. The solvent was removed in vacuo and the residue was 
dissolved in dry THF (2 ml) and added to a mixture of ismaino[2-[(5-nitro(27 

20 pyridyl)amino]ethyl} carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3 namol) and 
cesium carbonate (200 mg) and heated overnight at 80°C, then concentrated in vacuOy 
redissoived in dichloromethane and washed with a saturated sodium bicarbonate solution. 
The organic layer was concentrated in vacuo. The residue was purified by oystallization 
to give the title compoimd. 

25 HPLC: 15.17 min (1 00% purity) 

NMR (300 Mhz, DMSO-dg): 8.90 (s, IH), 8.38 (d, IH), 8.30 (s, IH), 8.22 (d, 2H), 8.05 (d, 
IH), 7.75 (d, 2H), 7.20 (s, IH), 7.15 (d, IH), 6.58 (d, IH), 3.60 (m, 4H). 

The following additional compounds were similarly prepared according to Solution 
Method B by varying the ketone and guanidine used: 

30 (4-phenylpyrimidin-2-yl)(2-(2-pyridyl)ethyl)amine 

4-(2- {[2-(2-pyridylamino)ethyl]amino}pyrimidin-4-yl)ben2enecarbonitrile , 

(4-phenylpyrunidin-2-yl)[2-(2-pyridylamino)ethyl]amine 

4-{2-[(2-(2-pyridyl)ethyl)aniino]pyrimidin-4-yl}ben2enecaibonitrile 

[4-(4-nitrophenyl)pyrimidin-2-yl] [2-(2-pyridylamino)ethyl]amine 
35 [4-(4-inMdazolylphenyl)pyrinudin-2-yl][2-(2-pyridylaDMno)ethyy 



BNSCX3CID: <WO 022049SA2_L> 



wo 02/20495 -85- PCT/USOl/42081 

[4-(3,4-difluorophenyl)pyrimidm-2-yl][2-(2-pyrid^ 
[2-(2-pyridylamino)e1hyl] {4-[4-(trifluor^ 
[4-(2,4-dicUorophenyl)pyriniidin-2-yl][2-(2-py^ 
[4-(4-chlorophenyl)-5-me1iiylpyriinidin-2-y^^ 
5 [4-(4-mefhyl-l-phenylpyra2ol-3-yl)pyriim 

3- [2-({2-[(5-mtro-2-pyridyl)aniino]ethyl}a3nMno)pyr^ 

[4-(2,4-dimethyl(l ,3-tMazol-5-yl))pyrimidin-2-yl] {2-[(5-mtro(2-pyiidyl))aimno]-- 
ethyl}amine 

{2-[(5-iii1ro(2-pyridyl))amino]ethyl} (4-pyrazm-2-ylpy^ 
1 0 [4-phenyl-5-bai2ylpyrimidin-2-yl] t2<2-pyridylaiim 

4- [2-({2-[(5-ni1ro-2-pyridyl)ainino]ethyl}ammo)pyrim 

{4-[4-(4,5-dichloroimidazol-2-yl)phenyl]pyrimidin 
ethyl} amine 

4-(2- {[2-(2,5-dimethoxyphenyl)elhyl]ainino}pyri^ 
1 5 [2-(2,5-dimethoxyphenyl)efliyl](4-(3-pyridyl)pyrim 

[4-(4-ben2iriiidazolylphenyl)pyrimidin-2-yl]{2-[(5-mt^^ 

4-[5-imidazolyl-2-({2-[(5-mtro(2-pyridyl))amino]ethyl^ 
carbonitrile 

4-[2-( {2-[(6-aiiiino-5-m1ro(2-pyridyl))ainmo]ethyl} ammo)-5-iimdazolylpyrimidin-4- 
20 yl]benzenecarbomtrile 

[4-(2,4-dicWorophenyl)-5-imidazolylpyrimidin-2-yl3{2-[(5-^ 
ethyl} amine 

{2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-4ic^ 
pyrimidin-2-yl]amine 

25 [4-(2,4-dimethylphenyl)-5-imidazolylpyrimidin-2-yl]{2-[(5-^ 
ethyl} amine 

ethyl 4-[2-( {2-[(5-mtro-2-pyridyl)amino]efhyl}amino)pyiimidin-4-yl]benM 
4-(2-{[3-(4-phenyliinidazolyl)propyl]anMno}pyrimidin-4-yl)benzenec^ 
(3-benzinudazolylpropyl)[4-(4-imidazolylphenyl)pyrimi^ 
30 N-{4-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl}amino)pyrimidin-4-^^^ 
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Example 67 

Synthesis of f 5-(4-(Fluorophenvl)pyriinidin-2->yl1 l2"r(5"mtro(2- 
pyridyl))ainino1ethyl| anxine 
(Solution Method C) 

5 Step 1: Dry DMF (22 ml) was cooled to O^^C mder argon. Phosphorous 

oxychloride (9-2 g) was added dropwise to the cooled DMF. The mixture was removed 
from the cooling bath and stirring continued for 1 hour. Then, 4-fluorophenylacetic acid 
(3.08 g, 20 mmol) was added as a solid and the mixture was heated at 85°C for 6 hours. 
After the mixture was cooled to room temperature it was poxired onto approximately 100 g 
10 of ice with stirring. A solution of sodium perchlorate monohydrate (3.66 g) in water (10 
ml) was added. The precipitated solid was filtered, washed with water and dried in vacuo 
. to give [(2-E,Z)-3-(dimethylamino)-2-(4-fluorophenyl)prop-2-enylidene]dimethyl- 

y ammonium perchlorate. This procedure is described in C3iurch et al., Org^ Chem.^ 

60:3750 (1995), which is incorporated herein by reference. 
15 Step 2: The vinylogous amidiniirai salt obtained in Step 1 (100 mg, 0.3 mmol) was treated 
with dry ethanol (2 ml) and amino {2-[(5-nitro(2-pyridyl)aniino3ethyl}carboxamddinium 4- 
methylbenzenesulfonate (180 mg, 0.45 mmol). Then, 0.45 ml of a 1.0 M solution of 
sodium ethoxide in ethanol was added and the mixture was shaken 0.5 hours at room 
temperature. Another 0.3 ml of sodixmi ethoxide solution was added, followed by heating 
20 at 70°C for 2 hoiars. The solvent was removed in vacuo. The residue was partitioned 
between dichloromethane and water. The organic layer was dried and concentrated in 
vacuo^ then the resulting residue was dissolved in acetonitrile. Addition of water-to the 
residue/acetonitrile mixture caused the title compound to precipitate as an orange solid. 
HPLC: 1 8.49 min (80% purity) 
1^ 25 NMR (300 MHz, DMSO-de: 8.90 (d, IH), 8.60 (s, 2H), 8.12 (dd, IH), 7.65 (m, 2H), 7.24 
(m, 2H), 6.60 (d, IH), 3.58 (m, 4H) 

Example 68 

Synthesis of Ethyl 4-r(2,4-dichlorophenvl)amino>2-({2-r(5-nitro(2- 
pyridyl)aniino1ethvl> amino)pyrimidine-5>carboxvlate 
30 (Solution Method D) 

Step 1: Ethyl 2,4-dichloropyricnidine-5-carboxylate (0.49 g, 2 mmol) and 2,4- 
dichloroaniline (0.33 g, 2 mmol) and DIEA (0.35 ml, 2 mmol) in acetonitrile (6 ml) were 
heated at 80°C for 36 hours. The mixture was cooled and the crystalline product, ethyl 4- 
[(2,4-dichlorophenyl)anMno]-2-chloropyrimidine-5-carboxylate, 0.54 g was filtered off. 
35 NMR ( 300 MHz,CDCl3): 8.90 (s, IH), 8.44 (d, IH), 7.45 (d, IH), 7.32 (dd, IH), 4.45 (q, 
2H), 1.45(t,3H)]. 
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Step 2: The pytimidine fiom Step 1 (69 mg, 0.2 mmol) was heated with DIEA 
(100 ixV), and (2-aminoethyl)(5-mtro(2-pyridyl))amine (36 mg, 0.2 mmol) in NMP (3 ml) 
at lOS^C for 14 hours. The reaction was cooled, poured into water and extracted with ethyl 
acetate. The organic layer was separated, washed with water, dried, then concentrated in 
5 vacuo. The crude product was purified by radial chromatography on silica gel, followed 
by arystallization from a mixture of acetonitrile, methanol and water to give colorless 
crystals. 

HPLC: 3032 min(>95% purity) 

MS: MH^ = 492-494 (cluster) C20H19N7O4CI2 - 492 g^mol 

10 Example 69 

Synthesis of tert-Butyl 6"r(2-{r4-'(4-cvanophenvl)-5-etfaoxycarbonyl)pyrimidin-2- 
yllaminol ethvl)amino1pvridine-3-carboxylate 
Step 1: 6-Chloro-pyridine-3-carboxylic acid (5.6 g, 36 mmol) was treated with 
l,r-carbonyldiimidazole (6.93 g, 42 mmol) in DMF (40 ml) at 40**C for 1 hour. Then, t- 
15 butanol (9.5 ml, 0.11 mol) and l,8-Dia2abicyclo[5.4.0]undec-7-ene (DBU) (5.38 ml, 36 
umiol) were added and heating continued ovemigjbt. The mixture .was cooled to room 
temperature and diluted with ether (300 ml). The nndxture was extracted once with water. 
The aqueous layer was back-extracted twice with dichlorometfaane. The combined organic 
layers were washed with a saturated aqueous citric acid solution, dried and concentrated in 
20 vacuo to give a cream colored solid (7.07 g). 

(NMR (300 MHz, CDCI3): 8.92 (d, IH), 8.20 (dd, IH), 7.40 (d, IH), 1.60 (s, 9H)). 

The tert'hutyl 6-chloropyridine-3-carboxylate was heated with ethylenediamine (20 
ml) at 80°C overnight. The solvent was removed in vacuo. The residue was partitioned 
between dichloromethane and 2.5 M aqueous sodium hydroxide solution. The aqueous 
25 layer was extracted a further three times with dichloromethane. The combined organic 
layers were washed with water, dried and concentrated in vacuo to give tert-butyl 6-[(2- 
aminoethyl)amino]pyridine-3 -carboxylate. 

NMR (300 MHz, CDCI3): 8.70 (s, IH), 7.95 (d, IH), 6.40 (d, IH), 3.42 (m, 2H), 2.96 (m, 
2H), 1.70 (s,9H) 

30 Step 2: t-Butyl 6-[(2-aminoethyl)amino]pyridine-3-carboxylate (1.42 g, 6 mmol), 

benzotriazole carboxamidinium 4-mefhylbenzenesulfonate (2.0 g, 6 mmol) and DIEA 
(1.05 ml, 6 mmol) were shaken in a mixture of dry acetonitrile (10 ml) and DMF (2 ml) 
overnight. Ether was added, followed by cooling 4 days at 4°C. The solid was filtered off 
and dried in vacuo to give tert-butyl 6-{[(2-(amidinoammoiiium)ethyl]amino}pyridine-3- 

35 carboxylate 4-methylbenzenesulfonate (1 .87 g). 

NMR (300 MHz, DMSO-dg: 8.55 (br s, IH), 7.80 (d, IH), 7.55 (d, 2H), 7.10 (d, 2H), 6.50 
(d, IH), 3.50 (m, 2H), 3.30 (m, 2H), 2.30 (s, 3H), 1.52 (s, 9H). 
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Step 3: Ethyl 3-(4-cyanophenyl)-3-oxopropanoate (217 mg, 1.0 nunol) was heated 
with DMFDMA (200 ^1) in dry THF (2 ml) at 70°C for 5.5 hows. To the cooled solution 
was added tert-butyl 6-{[(2-(atmdinoammoniuni)ethyl]anMno}pyridine-3-carboxyla^ 4- 
metiiylbenzenesulfonate (451 mg, 1.0 mmol) along with dry ethanol (4 ml) and 1.0 M 
sodium ethoxide in ethanol (1.2 ml). The mixture was heated at 80°C overnight. The 
solvents were removed in vacuo. The residue was partitioned between dichloromethane 
and the saturated aqueous sodium bicarbonate solution. The organic layer was 
concentrated in vacuo. The residue was dissolved in acetonitrile. Addition of water gave 
the title compound as a solid (230 mg). 
HPLC: 25.90 mm (80% purity) 
MS: MH* = 489 C26H28N6O4 = 488 g/mol 

Example 70 

Synthesis of 6-r(2-(r4-(4-cyanophenyl)-5-ethoxycarbonyl)pvrmiidin-2- 
yllaminol ethvl)amino1pvridine-3-carboxylic Acid 
tert-Bntyl 6-[(2r {[4-(4-cyanophenyl)-5-ethoxycarbonyl)pyrimidin-2- 

yl]a^uno}ethyl)amino]pyridine-3-ca^boxylate (prepared in Example 62, 220 mg) was 
shaken with 100% TFA for 1 hour at room temperature. The TFA was removed in vacuo. 
The residue was dissolved in acetonitrile and water was added. No precipitate formed. 
Several drops of concentrated ammonium hydroxide were added. Then glacial acetic acid 
was added dropwise until white solid formed. The mixture was then filtered to give the 
title compound as a white solid (180 mg, after drying). 
MS: 1^ = 433 C22H2oN604=432 g/mol . 
NMR (300 MHZ, DMSO-de): 8.80 (s, IH), 8.58 (s, IH), 7.85 (d, 2H) , 7.80 (m^ lH), 
7.60 (d, 2H), 6.50 (d, IH), 4.05 (q, 2H), 3.55 (m, 4H), 1.05 (t, 3H). 

Example 71 

Synthesis of Methyl 6-r(2-(r4-(4-cvanophenvl)-5-ettioxvcarbonyl)pyrimidin-2- 
yllamino) ethyl)amino1pyridine-3"Carboxvlate 

Step 1: 6-[(2-{[4-(4-cyanophenyl)-5-ethoxycaibonyl)pyriinidin-2-yl]ainino}ethyl)- 
amino]pyridine-3-carboxylic acid (prepared in Example 70, 120 mg) was dissolved in 
tiiionyl chloride (3 ml) and then wanned at 50*^C for 0.5 hours. The solvent was removed 
in vacuo to give crude ethyl 2-({2-[(5-(chlorocarbonyl)(2-pyTidyl))amino]ethyl}amdno)--4- 
(4-cyanophenyl)pyrimidine-5-carboxylate. This compound was dissolved in dry. 
dichloromethane (4 ml). 

Step 2: The acid chloride solution prepared in Step 1 (1.0 ml) was treated with dry 
methanol (1 ml). After standing approximately 1 hour at room temperature, the solvent 
was removed in vacuo to give the title compound. 
HPLC: 20.90 min (95% purity) 
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MS:MH^ = 447 C23H22N6O4 = 446 g/mol 

Example 72 

Synthesis of Etfayl 4-(4-cyanophenvl)-2-r(2'{rS-(morpholin-4-ylcarbonyl)(2- 
pyridyl)1amino) ethyl)ai3iino1pyrimidine-5"Carboxyl^ 
5 The solution of ethyl 2-({2-[(5-(chlorocarbonyl)(2-pyridyl))amino]ethyl}am^ 

(4-cyanophenyl)pyrimidine-5-carboxylate in dichloromethane prepared in Step 1 of 
Example 71 (1.0 ml) was treated at room temperature with a solution of morpholine (150 
jaL) in dichloromethane (1 ml). After 1 hour the solvent was removed in vacuo to give the 
title compound. 
10 HPLC: 19.63 min (96% purity) 

MS: MH^ = 502 C26H27N7O4 = 501 g/moL 

Example 73 

Synthesis of Ethyl 4-(4-cyanophenyl-2-{r2-({5"mtro-6rben2ylamino1(2'- 
pyridyl))amino)ethvnamino>pvrimidine"5-carboxvlate 

15 Step 1: 6-CMoro-3-nitro(2-pyridyl))benzylaniine was prepared in accordance wit^ 

the method described in von Bebenberg, ChetnikBr-Zcitung^ 103:387 (1979), which is 
incorporated herein by reference. This amine (1.8 g) was heated with ethylenediamine (5 
ml) in acetonitrile (15 ml) at 100°C for 3.5 hours. The solvent was removed in vacuo and 
fhe residue was partitioned between dichloromethane and . 2.5 M aqueous sodium 

20 hydroxide solution. The aqueous layer was extracted 3x further with dichloromethane. 
The combined organic layers were washed with a saturated sodium chloride solution, dried 
and concentrated in vacuo to give a yellow solid. 

NMR (300 MHz, CDCI3): 8.10 (d, IH), 7.2-7.4 (m, 5H), 5.80 (s, IH), 4.80 (AB q, 2H), 
3.42 (m, 2H), 2,85 (m, 2H). 

25 Step 2: the amine from Step 1 (1.31 g) was treated with benzotriazole 

carboxamidinium 4-metihLylbenzenesulfonate (1.52 g) and DIEA (800 |il) in acetonitrile (15 
nd) at room temperature overnight. The mixture was diluted with ether, then filtered to 
give the guanidine, amino [2-({5-nitro-6-[beiizylanMno](2-pyridyl)}ainino)ethyl]- 
carboxamidinium 4-methylbenzenesulfonate, as a yellow solid. 

30 NMR (300 MHz, DMSO-dg): 8.02 (d, IH), 7.72 (d, 2H), 7.30-7.40 (m, 5H), 7.10 (d, 2H), 
6.00 (d, IH), 4.78 (AB q, 2H), 3.50 (m, 2H), 3.30 (m, 2H), 2.25 (s, 3H). 

Step 3: Ethyl 3-(4-cyanophenyl)-3-oxopropanoate (65 mg, 0.3 mmol) was heated 
with DMFDMA (60 \xL) in THE (1 ml) at 70°C for 3 h. This solution was then added to a 
mixture of the guanidine prepared in Step 2 (150 mg, 0.3 mmol), dry ethanol (1 ml) and 

35 1.0 M sodium ethoxide in ethanol (0.35 ml) and heated at 80°C overnight. The solvents 
were removed in vacuo. The residue was partitioned between dichloromethane and 
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in 
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vacuo. The residue was dissolved in acetonitrile. Addition of water gave the title 
compound as a yellow solid. 
HPLC: 34.06 min (98% purity) 

MS: MH+ = 539 C28H26N8O4 = 538 g/mol 
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Example 74 

Preparation of r4-(2.4- dicMorophenvl)-5-imidazol-2-ylpvrimidin-2-vn ^2-rfS-nitror2- 

pyridvl))aminolethyl>ainine 




H 



5 1. Preparation of l-(2.4-dichlorophenvl')-2-i3xddazol-2-vlethan-l-one. 

A solution of 2,4-dichlorobenzoyl chloride (9.75 M) in dichloromethane (75 ml) 
was added dropwise over 30 minutes to a stirred solution of 2-methylimidazole (2) (0.49 
M) in dichloromethane (500 ml) and JV;iV-diisopropylethylamine (Hunig's base) (136 ml). 
(Ref Macco, A. A.; Godefix)i, E. F.; Drouen, J. J. M., J. Org. Chem. 1975, 40, 252-255.) 

10 The reaction mixtare was cooled during the addition usiiig an ice-water bath. The reaction 
mixture was then heated to reflux for 3.5 hours. A thick reddish black mixture forms. To 
dilute the thick heterogeneous reaction, additional dichloromethane (100-200 ml) was 
added as needed to maintain stirring. On cooling dichloromethane (500 ml) was added, 
and the solution was transferred to a separatory funnel. The organic layer was washed with 

15 distilled water (3 x 200 ml). An emulsion formed that breaks apart on sitting for 15 
minutes or by filtCTing. The wet organic layer was directly concentrated under reduced 
pressure Avithout drying. The solid product was then dried /« mc«o for several hours. 

To the dry solid (described above) was added a solution (2:1 v/v, 500-600 ml) of ^a. 
acetic acid and aq. con. HCl. The mixture was then stirred at reflux for ca. 75 min. The 

20 acetic acid was removed via rotary evaporator. Distilled water (800 ml) and benzene (400 
ml) were added to the solid residue which was vigorously stirred for 15 min. The solids 
were filtered off, and the filtrate was transferred to a separatory fiinnel. After tiie organic 
layer was discarded, the aqueous layer was washed with benzene (4 x 150 ml). The 
aqueous layer was transferred to a large beaker (4 L) and diluted with isopropyl ether (100 

25 ml). ITie stirred mixture was basified (pH 7-8) by careful addition of sodium bicarbonate 
which leads to the formation of a white solid. After 2 hours of additional stirring the 
desired solid was filtered, washed with distilled water (3 x 60 ml), isopropyl ether (2 x 60 
ml), and dried in vacuo overnight giving l-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-l- 
one in 56% yield. 
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2. Preparation of (2Z)-l-(2.4-dicMorophenvlV3-(dimetfavlaro ino)-2-imiH azol-2-vlDroi>-2- 
gi-l-one. 

A mixture of l-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-l-one (0.39 M) in N,N. 
diinethylfonnamide dimethyl acetal (DMFDMA) (150 ml) was stirred for 2.5 h at 70-75 
"C. The DMFDMA was then ranoved under reduced pressure and dried under high 
vacuum for several hours givmg an orange-yellow solid 4 in quantitative yield. The 
product (2Z)-l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-imidazol-2-ylprop-2-en-l-one 
was typically used without further pinification. 

3. Preparati on of amino |2-r(5-nitrof2-pvridvn')amino1ethvUcarboxamidine. hydrochloride. 

A mixture of 2-(2-anninoethylamino)-5-nitropyridine (0.47 M) (purchased from 
Aldrich, or made by reacting ethylene diamine with 2-chloro-5-nitropyridine as per the 
procedure in example {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichloro- 
phenyl)-5-imidazol-2-ylpyrimidin-2-yl]amine or example 6-[(2-{[4-(2,4-dichlorophenyl)- 
5-(4-me%linudazol-2-yl)pyrinoidin-2-yl]aniino} ethyl)amino]pyridine-3-carbomtrile) and 
1^-pyrazole-l-carboxamidine hydrochloride (0.47 M) in acetonitrile (500 ml); were stirred 
overnight (ca. 20 h) at 70-80 °C. Upon cooling, a yellow precipitate was collected by 
filtration. The yellow solid was washed thoroughly with acetonitrile (3 x 100 fnl), ethyl 
ether (3 x 100 ml), and dried ovemigjit in vacuo resulting in 87% yield of amino {2-[(5- 
mtro(2-pyridyl))amino]ethyl}caiboxamidine, hydrochloride. 

4. Preparation of f 4-(2.4 -dichlorophenvl)-5-iniida 2ol-2-YlpYrinii din-2-vn (2-r(5-mtro(2- 
pyridvD^aminolethvl) amine. 

A solution of sodium ethoxide (0.59 M) dissolved in abs. ethanol (100 ml) was added 
to a stilted mixture of (2Z)-l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-imida2ol-2- 
ylprop-2-ai-l-one (0.23 M) and amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, 
hydrochloride (0.23 M) in abs. ethanol (260 ml). The reaction was stirred at room 
temperature for 15 min. and then at 75-80 "C for 2.5 hours. On cooling a yellow 
precipitate was collected by filtration. The filtrate was stored for possible further isolation 
and purification of the product. The solid product was washed with abs. ethanol (3 x 50 
ml), distilled water (3 x 50 ml), and etiiyl ether (3 x 50 ml). The yellow solid was dried 
overnight in vacuo giving 52.7% yield of final product [4-(2,4-dichlorDphenyl)-5-imidazol- 
2-ylpyrimidin-2-yl] {2-[(5-niti:o(2-pyridyl))amino]efliyl}amine. 
HPLC: 20.9 min (>95% purity) 
MS: M+H = 471 (C2oHi6CuN802+H = 471) 
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Example 75 

Preparation of {2-r(4-aiiiino-5-mtro(2-pvridvl))amino1e1hvUr4-(2,^^^ 

iimda2ol"2-ylpvrimidin-2-vl1aiDine 



{2-[(4-amino-5-mtro(2'-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-miidazol- 
2-ylpyriimdin.2-yl]^nune was prepared using the general method for [4-(2,4- 
dicWorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))anuno]ethyl} amine 
(see Example 74) with the exceptions noted below. 

1. Preparation of 2-(2"arninoethyl)amino-6-aniino-'5-nitropyridine. 

A mixture of 2-anadno-6-chlorO'3-nitropyridine (0.52 M) in acetonitrile (70 ml), and 
ethylene diamine (40 ml) were stirred overnight (ca. 20 h) at 75-80 °C under argon. The 
ethylene diamine was removed under reduced pressure. The residual solution was basified 
with IM sodium hydroxide solution (50 n:il). The aqueous solution was saturated with 
sodium chloride and extracted with a solution of 95 % ethyl acetate and 5% methanol (3 x 
150 ml) and with a solution of 95% acetonitrile and 5% methanol (3 xl50 ml). The 
organic extracts were combined and extracted with a saturated sodium chloride solution (2 
X 75 ml). The organic layer was dried with sodium sulfate, filtered, and concentrated under 
reduced pressure. The crude yellow solid was triturated with ether (2 x 25 ml) and dried 
overnight in vacuo resulting in 2-(2-anMnoethyl)amino-6-amino-5-nitropyridine in 99% 
yield. 

2. Preparation of amino (2-r(6-amino-5-nitro(2-pvridvmamino1ethvUcaiboxamidine. 
hydrochloride. 

A mixture of 2-(2-aminoethyl)amino-6-ainino-5-mtropyridine (0.44 M), IH - 
pyrazole-l-carboxamidine hydrochloride (0.44 M) in acetonitrile (75 ml) were stirred 
overnight (ca. 24 h) at 75-80 °C, Upon cooling, a yellow precipitate was collected by 
filtration. The yellow solid was washed thoroughly with acetonitrile (3 x 50 ml), ethyl 
ether (3 x 50 ml), and dried overnight in vacuo giving amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl} carboxamidine as the HCl salt in 82% yield. 
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3. Preparation of l2-r(4-ammo-5-mtro(2-p\Tidvmainmo1ethvlU4-(2,4-dichlorophenvlVS- 
imidazol-2-ylpyrunidm-2-vl1ainme. 

A solution of sodivim ethoxide (0.5 M) dissolved in abs. ethanol (8 ml) was added 
to a stirred mixture of (2Z)-l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-imidazol-2- 
ylprop-2-en-l-one (0.57 M), amino {2-[(6-amino-5-nitro(2-pyTidyl))amino]efhyl}- 
carboxamidine, hydrochloride (0.58 M), and abs. ethanol (7 ml). The reaction was then 
heated to 75-80 "C for 2.5 hovirs. On cooling a yellow precipitate was collected by 
filtratioti. The filtrate was stored for possible further isolation and purification of final 
product. The solid product was washed with abs. ethanol (3x10 ml), distilled water (3 x 
10 ml), and ethyl ether (3 x 10 ml). The yellow solid was dried overnight in vacuo giving 

{2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-didilorophenyl)-5-imidazol-2- 

ylpyriniidin-2-yl]aminein 70% yield. 

HPLC: 18.7 min (>95% purity) 

MS: M+H = 486.2 (C2oH]7Cl2N902+H = 486) 



1. Preparation of 4-f2-imidazolvlacetvl)benzenecarbQnitrile. 

A stirred solution of 4-(2-chloroacetyl)benziaiecarbonitrile (0.5 M) and imidazole 
(1.5 M) in CH3CN (200 ml) were heated for 14 hours at 60 *'C. The product was stripped 
of solvent under reduced pressure. The residue was diluted wift dichlozomediane (250 ml) 
and water (100 ml), and the mixture was stirred for 30 min. Aftw filtering ofiF a solid 
impurity, the aqueous layer was removed and discarded. The organic laya- was washed 
sequentially with water (60 ml), sat. aq. NaHCOa (60 ml), water (60 ml), brine (60 ml), 
dried with Na2S04, filtered, and concentrated under reduced pressure. The dark colored oil 
was dried overnight in vacuo giving 4-(2-imidazolylacetyl)benzenecarbonitrile in 90% 
yield. 

2. Prepara tion of 4-r(2E)-3-(dunethvlamino)-2-imida2olvlprop-2-enovnben2ene- 
caibonitrile. 

A mixture of 4-(2-imidazolylacetyl)ben2enecarbonitrile (0.30 M) and N,N- 
dimethylfonnamide dimethyl acetal (DMFDMA) (80 ml) was stirred for 12 h at 75 °C. 
The DMFDMA was then removed under reduced pressure and dried under high vacuum 



Example 76 

Preparatio n of 6-r(2-fr4-(4-cvanophenvl')-5-imida2olvlpvrimidin-2- 
yllamino) ethYl)amino1pvridine-3-carbonitrile 
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for several hours giving an orange-yellow solid 4-[(2E>3-(dimethylaniino)-2- 
imida2olylprop-2-enoyl]ben2enecarbomtrile in qizantitative yield. The enaminone product 
was typically used without fiarther purification. 

3. Preparation of aminol2"r(5-cyano(2-pvridyl))amino1efeyl>caiboxainidine. 
5 hydrochloride^ 

The preparation of the material amino {2-[(5-cyano(2-pyridyl))atnino]- 
ethyl}carboxamidine, hydrochloride can be fovmd in the procedures for the preparation of 
6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methyliniidazol-2-yl)pyrinnd^ 
ainino]pyridine-3-carbonitrile. 

10 4. Preparation of 6-r(2-{r4-(4-cyanophenvl)-5>imidazolvlpvrinudin-2-yl1aminoiethyl^^ 
aminolpvridine-3-carbonitrile. 

A solution of sodium ethoxide (0.66 M) dissolved in abs. ethanol (8 nol) was added 
to a stirred mixture of 4-[(2E>3-(dimethylamino)-2-imidazolylprop-2- 
enoyllbenzenecarbonitrile (0.33 M), amino {2-[(5-cyano(2-pyridyl))amino]ethyl}- 

15 carboxamidine, hydrochloride (0.33 M), and abs. ethanol (15 nal). The reaction was then 
heated to 75-80 ^^C for 2.5 hours. On cooling the reaction was diluted with ethyl acetate 
(400 ml) washed with sat aq. NaHCOs (100 ml), distilled water (2x100 ml), brime (100 
ml), dried with Na2S04, filtered, and concentrated. The crude product was purified by 
flash chromatography over siUca gel. The coluncm was run starting with 1 :1 ethyl acetate to 

20 hexane, then ethyl acetate which was used until all of the fast moving impurities had been 
rraioved. The product was eluted with 1.5% methanol in ethyl acetate. The colunm is 
monitored by TLC using 5% methanol in ethyl acetate as the solvent system. The proper 
fi:actions were condensed. The ofF-white solid was dried overnight in vacuo giving 6-[(2- 
{[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-yl]anMno}ethyl)anm 

25 caibonitrile in 40% yield. 

HPLC: 1 8.9 mm (>95% purity) 

MS: M+H ^ 473. 1 (C22H17N9+H = 473) 

Example 77 

Preparation of (tert-butoxv)-N-f2-ir4-f4-cvanophenvlV5-iinidazolvlpyrimidin-2- 
30 yllanmio) ethyDcarboxamide 

1. Preparation of N-(2-aminoethyl)(tert-butoxy)carboxamide. 

A solution of tert-butyl [(tert-butyl)oxycarbonyloxy]fonnate (B0C2O) (181g, 830 
mmol) in dichloromethane (1 L) was added slowly to a mechanically stirred solution of 
ethylene diamine (250 g, 4.16 mol) in dichloromethane (2.5 L) at room temperature. After 
35 24 hours, the reaction solution was washed with water (3 x 500 ml). Brine (500 ml), dried 
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with Na2S04, filtered, and concentrated under reduced pressure^ The pure product N-(2- 
aminoethyl)(tert-butoxy)carboxamide was obtained in 50% yield. 

2. Preparation of N-r2-(anddinoaniino)ethvl1(tert-butoxy)carboxaniide. hydrochloride. 

Portions of solid IH -pyrazole-l-carboxamidine hydrochloride (91.10 g, 624 
nraiol)) are added to a stirred solution of N-(2-aminoefhyl)(tert-butoxy)carboxamide (100 
g, 624 mmol) in CH3CN (1 L) at 80'' C. After 24 hours, the reaction was stripped of 
solvent under reduced pressure. The residue was triturated with ether (3 x 100 ml), and 
dried in vacuo. The guanidine N-[2-(aniidinoamino)ethyl](tert-butoxy)carboxamide, 
hydrochloride was obtained in over 100% yield containing a small amoimt of pyrazole. 
The guanidine was used without further purification. 

3. Preparation of (tert->butoxvVN-a-(r4-(4-cvanophenylV5>iimdazolvlpvri^ 
vHamino ) ethvDcarboxamide. 

4-[(i2E)-3-(dimethylanaino)-2-iniidazolylprop-2-enoyl]benzenecarbonitril^ (8.0g, 
30.0 mmol) in NMP (5 ml) was added to a stirred mixture of N-[2- 
(amiduioamino)ethyl](tert-butoxy)carboxamide, hydrochloride (13.8 g, 45 mmol)) and 
CS2CO3 (11.72, 36.0 mmol) in NMP (15 ml). The reaction was heated to 100"" C for 48 
hours. The reaction was followed by HPLC. Upon completion, the reaction was 
partitioned with water (50 ml) and dichloromethane (250 ml). The organic layer was 
separated and washed with water (2 x 50 ml), brine (50 ml), dried Na2S04, fiU^ed, and 
concentrated under reduced pressure. The product was purified by flash chromatography 
eluting with 10% methanol in dichloromethane. After stripping off the solvents and drying 
in vacuo, 10.08 g of (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-5-imidazolylpyriinidm^^ 
yl]amino}ethyl)carboxamide was obtained as a dark red glass in 83% yield. 

Example 78 

Preparation of 4-(5-imidazolvl-2^r(2-{r5-(trifluoromethyiy2- 

pyridyl)1amino>ethvl)aminolpyrimidin--4-'yUbenzenecarbonitrile 

N 

N ^ — \ N=\ 

NC 

4-{5-iniidazolyl-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)]anMno}ethy0 
pyrimidin-4-yl}benzenecarbonitrile was prepared using the general method for 6-[(2-{[4- 

(4-cyanophenyl)-5-imidazolylpyrhmdin-2-yl]amino}ethyl)amino]pyridine-3-carbom 
(60406) (see Example 76) with the exceptions noted below. 
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1. Preparation of N-(2-aminoetliviytert-butoxy)carboxamide, 

A solution of tert-butyl [(tert-butyl)oxycarbonyloxy]formate (B0C2O) (0.83 M) in 
dichloromethane (1 L) was added slowly (3 h) to a mechanically stirred solution of 
etiiylene diamine (1.66 M) in dichloromethane (2.5 L) at room temperature. After 24 
5 hours, the reaction solution was washed with water (3 x 500 ml), brine (500 ml), dried with 
Na2S04, filtered, and concentrated imder reduced pressure. The pure iV-(2- 
aminoethyl)(tert-butoxy)carboxamide was obtained in 50% yield. 

2. Preparation of N-r2-(amidinoamino)ethvll(tert"butoxy)carboxamide, hydrochloride. 

Portions of solid IH -pyrazole-l-carboxamidine hydrochloride (91.10 g, 624 
10 mmol)) are added to a stirred solution of iV^(2-aminoethyl)(tert-butoxy)carboxamide (0.62 
M) in CH3CN (1 L) at 80 °C. After 24 hours, the reaction was stripped of solvent \inder 
reduced pressure. The residue was triturated with efher (3 x 100 ml), and dried in vacuo. 
The J^^-[2-(anaidinoamino)ethyl](tert-butoxy)calboxaIaide, hydrochloride was obtained in 
over 100% yield containing a small amount of pyrazole. The iV-[2- 
15 (amidinoamino)ethyl](tat"butoxy)carboxamide, hydrochloride was used without further 
purification. 

3. Preparation of (tert-butoxy)-N-(2-(r4-(4-cyanophenyl)"5-imidazolvlpyrimidm-2> 
yllamino I ethyDcarboxamide. 

4-[(2E)-3-(dimethylamino)-2-iimdazolylprop-2-enoyl]ben2enecari)onitrile (6 M) in 
20 NMP (5 ml) was added to a stirred mixture of iSr-[2-(amidinoamino)ethyl](tert- 
butoxy)carboxamide, hydrochloride (3 M) and CS2CO3 (2.4) in NMP (15 ml). The reaction 
was heated to 100 °C for 48 hours. The reaction was followed by HPLC. Upon 
completion, the reaction was partitioned with water (50 nal) and dichloromethane (250 ml). 
The organic layer was separated and washed" with water (2 x 50 nod), brine (50 ml), dried 
25 Na2S04, filtered, and concentrated under reduced pressure. The product was purified by 
flash chromatography eluting with 10% methanol in dichloromethane. After stripping off 
the solvents and drying in vacuo, (tert-butoxy)-i\r-(2-{[4-(4-cyanophenyl)-5- 
iiiudazolylpyrinnddin-2-yl]aniino}ethyl)carboxamide was obtained as a dark red glass in 
83% yield. 

30 4. Preparation of 4-{2-r(2-aDninoethyl)aniino>5"imida2olylpyriniidin-4" 
yDbenzenecarbonitrile. 

Aqueous 3M HCl (15-30 ml) was added to a stirred solution of (tert-butoxy)-N-(2- 
{[4-(4-cyanophenyl)-54mida2olylpyriinidin-2-yl]axnino}ethyl)carboxamid^ (0.15 M) in 
CH3CN (50 ml) at room temperature until the reaction became slightly turbid. After 16 

35 hours, the reaction was partitioned between dichloromethane (200 ml) and IM HCl (200 
ml). The layers were separated, and the aj^ueous layer was extracted with dichloromethane 
(3 X 200 ml). The aqueous layer was basified carefiilly with solid NaHCOs to pH 7-8. A 
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solid forms which can be filtered and dissolved in CH3CN (100 ml). The organic solution 
is washed with sat. aq. NaHCOa (50 ml), brine (50 ml), dried with Na2S04, filtered, and 
concentrated. The crude product was purified by flash chromatography over silica gel. 
The column was eluted first with a 1:1 mixture of dichloromethane/methanol followed by a 
5 mixture of 5% TEA/ 10% water/85% methanol to elute the product. The proper firactions 
were condensed. The dark yellow glass was dried overnight in vacuo giving 4-{2-[(2- 
aiiunoethyl)ainino]-5-imidazoIylpyriimdin-4-yl}benzenecarbonitrile in 89% yield. 

5. Preparation of 4-{5-imidazolyl-2-r(2-(r5-(trifluon)metfayl)(2-pviidvnianiino>- 
ethyl)amino1pyrimidin-4-yl ) benzenecarbonitrile. 

10 A mixture of 4-{2-[(2-aminoethyl)aniino]-5-irnidazolylpyriniidin--4-yl}ben2ene- 

carbonitrile (30 mg, 0.098 mmol), 2-chloro-5-(trifluoromethyl)pyridine (18 mg, 0.098 
mmol), and Hunig's base (70 uL, 0.4 mmol) in DMA (500 uL) were heated to 80^ C. After 
stirring for 12 hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with 
saL aq. NaHCOa (2x5 ml), water (3x5 ml), brine (5 ml), dried with Na2S04, filtered, and 

15 concentrated. The product was purified by preparative HPLC using a reverse phase 
column and a water/acetonitrile gradient. The product 4-{5-inQidazolyl-2-[(2-{[5- 
(trifluoromethyl)(2-pyridyl)]amino}efhyl)ainino]pyrirnidin-4-yl}benzene 
obtained as a off-white solid in 5% yield. 
HPLC: 16.3 inin (>95% purity) 

20 MS: M+H = 451 .2 (C22H17F3N8+H - 451) 

Example 79 

Preparation of 4>-|S^imidazolvl-2-r(2-(r(4-nitrophenyl)sulfonyllamino> 
ethyl)aminolpvrumdin-4-yl>ben2enecarbomtrile 
A mixture of 4-{2-[(2-ainihoethyl)amino]:5-inaidazolylpyrimidin-4-yl}benzene- 
25 carbonitrile (30 mg, 0.098 mmol), chloro(4-nitrophenyl)sulfone (22 mg, 0.1 mmol), and 
Hiinig's base (70 uL, 0.4 mmol) in DMA (500 uL) were heated to 80° C. After stirring for 
12 hours, the reaction was diluted with ethyl acetate (10 inl) and extracted with sat aq. 
NaHCOa (2x5 ml), water (3x5 ml), brine (5 ml), dried with Na2S04, filtered, and 
concentrated. The resulting product, 4-{5-imidazolyl-2-[(2-{[(4-mtrophenyl)sulfonyl]- 
30 ainino}ethyl)ainino]pyrinMdin-4-.yl}benzenecarbonitrile weighing 27 mg (56% yield) was 
approximately 90% pure by LCMS and HPLC. 

Example 80 

Preparation of N-(2-(r4-(4-cvanophenyn-5-imida2olylpvrimidin-2>vllamino>etfa^^ 

nitrophenyllcarboxamide 
35 A mixture of 4-{2-[(2-aniinoethyl)anMno]-5-irnidazolylpyrimidin-4-yl}beiizene- 

carbonitrile (30 mg, 0.098 mmol), 3-nitroben2oic acid (17 mg, 0.1 mmol), l-(3~ 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (19 mg, 0.1 mmol), 1- 
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hydroxybenzotriazole hydrate (HOBT) (14 mg, 0.1 mnol), and 4-dimethylaininopyridine 
(DMAP) (12 mg, 0.1 mmol) in DMA (500 iiL) were stirred at room tempCTature. After 12 
hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with sat. aq. 
NaHCOa (2x5 ml), water (3x5 ml), brine (5 ml), dried with Na2S04, filtered, and 
5 concentrated. The . resulting product, N-(2-{[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2- 
yl]ainino}ethyl)(3-nitrophenyl)caiboxamide wei^iing 32 mg (70% yield) was 
approximately 95% pure by LCMS and HPLC. 

Example 81 

Preparation of 1 5-amino-4-(2 Adichlorophenvl)pvrithidin-2-vll(2>r(6-amino>5-nitro(2- 
10 pyridyl))amino1ethyU antiine 

II H 




.*o" 



o 



ti 



1 . Preparation of 2-r2-(2,4-dichlorophenvlV2-oxoethvnisoindoline- 1 ,3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phfhalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
15 then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]isoindoline- 1 ,3-dione. 

2. Preparation of 2- 1 2-(2,4-dichlorophenvl)- 1 -\( dimethylamino)methvlene1-2- 
oxoethvUisoindoline-l ,3-dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyI]isoindoline-l,3-dione was heated 
20 to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction 
mixture was concentrated in vacuo and purified by trituration with diethyl ether to obtain 
2~{2<2,4-Kiichlorophenyl)-l-[(dimefliylamino)methylene]-2-oxoethyl}4soi^^ 
dione. 

3. Preparation of 2-m42-(l2-r(6-amino-5-nitro(2>pvridyl))amino1ethvUainino>-4>(2>^ 
25 dichlorophenyl)pvrimidin-5-vncarbamovUbenzoicacid 

1 mmol of 2-{2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene]-2-oxoethyl}- 
isoindoline-l,3-dione, 1 mmol of amino {2-[(6-amino-5-mtro(2-*pyridyl))amino]- 
ethyl}carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90*^0 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
30 and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}amino)-4- 
(2,4-dichlorophenyl)pyriimdin-5-yl]carbamoyl}ben2oic acid. 
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4. Preparation of 2^r2-({2-r(6-ainmo-5-ni1ro(2-p\aidvl))amino1ethvl>aiim 
dicMorophenyl)pvriinidin"5-yl1isoindoline- 1 ,3-dione 

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))ammo]ethyl}am^ 
dicUorophenyl)pyriinidin-5-yl]carbamoyl}benzoic add was heated to llO^C in acetic acid 
5 for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}amino)-4<2,4-dicWorophenyl)pyriniidin-5-yl]isoindo^^ 

Preparation of r5-amino-4-(^2.4-dicMorophenyl)pvrimidin-2-vlN2-r(6-amino-S-nifr^ 
pyridyl))amino1ethyll amine 

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}aniino)-4~(2^^^ 

10 dichlorophenyl)pyriniidin-5-yl]isoindoline-l,3--dione and 20 nMnol of hydrazine were 
stirred in ethanol at 75°C for two hours and the resulting product, [5-amino-4-(2,4- 
dichlorophenyl)pyrimidin-2-yl] ^2-[(6-araino-5-nitro(2-pyridyl))amino]ethyl} amine was 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 5.704min. (100% purity) 

15 MS:MH^=435. 1 

Example 82 

Preparation of {2-r(6-amino-5~nitro(2-pyridyl))aminoletfayl>r4-(2,4-dichlorophenylV5- 

morpholin-4-vlpyrimidin-2-ynamine 

O 

H2N 




20 1 , Preparation of 1 -(2,4-dichlorophenylV2-morpholin-4-ylethan- 1 -one 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 10 nomol 
morpholine in DMF at room temperature for foiirteen hours. The reaction mixture was 
concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted 
three times with ethyl acetate, dried over sodium sulfate, and purified by column 

25 chromatography elutmg with 50% ethyl acetate and 50% hexane to obtain l-(2,4- 
dichlorophenyl)-2-morpholin-4-ylethan- 1 -one. 

2. Preparation of (2E)-l-(2.4-dichlorophenvl)-3-(dimethvlamino)-2-morpholin-4-ylprop-2- 
en-l-one 

1 mmol of l-(2,4-dichlorophenyl)-2-morpholin-4-ylethan-l-one was heated to 80°C 
30 in N,N-dimethylfonnamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether to obtain (2E)-l-(2,4- 
dichlorophenyl)-3-(dimethylamino)-2-morpholin-4-ylprop-2-en- 1 -one. 
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3. Preparation of l2-r(6-amino-5-nitrof2-pvridvl))amino1etfavl>r4-f2.4-didilarophepvl)-5- 
morpholin-4-ylpyrimidin-2-ynanMne 

1 mmol of (2E)-l-(2,4-dicWorophenyl)-3-(dimethylamino)-2-niorpholin-4-ylprop- 
2-en-l-one, 1 mmol of amino{2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}carbdxamidine, 
and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for fourteen hours. The 
reaction mixture was concoatrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate and purified by column 
chromatography eluting wilii 5-10% methanol/methylene chloride to obtain {2-[(6 -amino- 

5-nitro(2-pyridyl))amino]efliyl}[4-(2,4-dicMorophenyl)-5-moiph6lin-4-ylpyrimidin-2- 
yl]amine. 

HPLC: 9.367min. (100% purity) 
MS: MH*= 505 

Example 83 

Preparation of l-r2"r(2-r(6-amino-5-iiitrof2"Pvridyl))amino1ethyl)amiDoM^^ 
dicMorophenvnpvritmdin-S-vl1p\aTOlidin 

U 

O 

1. Preparation of 2-r2-(2,4-dichlorophenyl)-2-oxoethynisoindoline-1.3~dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-'[2-(2,4-dichlorophenyl)-'2- 
oxoethyl]isoindoline- 1 ,3-dione. 

2. Preparation of 2-{2-(2,4-dichlorophenylVl-rfdimethylaminotoethvlene1-2- 
oxoethyUisoindoline- 1 ,3-dione 

1 nmiol of 2-[2-(2,4-dichlorophenyl)"2-oxoethyl]isoindoline-l,3-dione was heated 
to 80''C in neat N,N-dimethylformainidedimethyl acetal for six hours. The reaction 
nuxture is concentrated in vacuo and purified by trituration with diethyl ether to obtain 2- 
{2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene]-2-oxoethyl}-isoindoline-l,3-dione. 

3. Preparation of 2-m-r2-({24(6-amino>5-nitro(2>pyridyl))amino1etfavUaminoV4-(2.4> 
dichlorophenyPpyrimidin-S-yll carbamoyUbenzoic acid 

1 mmol of 2-{2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene]-2- 
oxoethyl}isoindoline-l,3-dione, 1 mmol of amino {2-[(6-amino-5-nitro(2-pyridyl))- 
amino]ethyl}carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 
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90**C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate and dried 
over sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))aiiuno]ethyl}amino)-4-(2,4-dicWorophenyl)pyrimidin-5-yl]c»^ 
5 acid. . 

\- - 4. Preparation of 2-r2-({2-r(6-aniino-5-nitro(2-pvridyl))amiho1ethvUamino^^^^ 

dichlorophenvDpvrimidin-S-vllisoindoline- 1 ^S-dione 
v. " 1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}aiiiino)-^^ 

dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid is heated to 120''C in acetic acid 
10 for fom- hours and ttien concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 

pyridyl))amino]ethyl}amino)-4-(2,4-dicmorophenyl)pyrimidin-5-yl]^ 

^) 5. Preparation of r5-aniino-4-a,4-dicMorophenyl)pyiimidin-2-vlH2-r(6-ainino-5-m^ 

Pvridvl))amino1ethvl} amine - 

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 
.15 dichlorophenyl)pyrimidin-5-yl]is6indoline-l,3-dione and 20 nunol of hydrazine were 
stirred in ethanol at 75^G for two hours and then purified by colunm chromatography 
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4- 
dichlorophenyl)pyrimidin-2-yl] {2-[(6-an3ino-5-nitro(2-pyridyl))amino]ethyl} amine, 

6. Preparation of l-r2-(|24(6-amino>>5-nitro(2-pvridvn)amino1ethvUaininoV4-(2,4- 

20 dichlorophenvl)pvrimidin-5-vnpyrrolidine-2,5-dione 

1 mmol of [5-amino-4-(2,4-dicMorophenyl)pyriniidin-2-yl]{2-[(6-amino-5-mtro(2- 
pyridyl))amino]ethyl} amine, and 2 mmol of succinic acid, 4 mmol of HBTU, and 5 mmol 
of NJN-diisopropylethylamine were added to solution and stirred for six hours at room 
temperature. The reaction mixture was concentrated in vacuo and diluted with water and 

25 ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium 
sulfate, and purified by coluxnn chromatography 5-10% methanol/methylene chloride to 
obtain l-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}aiiiino)-4-(2,4- 
dichlorophenyl)pyrimidin-5-yl]pyrrolidine-2,5-dione. 
HPLC: 8.917min. (100% purity) 

30 MS: MBr'= 517.1 
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^cample 84 

Preparation of l2-r(6-amino-5-mtrof2-pvridvn)anuno1^vl}r4-Q^ 

piperazinylpvrimidin-2-yl1amine 




o: Xj " 

N CI 

n • - . - 

O 

5 1 . Preparation of tert-butyl 4-r2-(2.4-dichlorophenylV2K)xoethvl1pipera2ineca^ 

1 mmol of 2,4-dicWorophOTacyl chloride in DMF was added drop wise to 1.2 mmol 
of tert-butyl pipCTazinecarboxylateand 1.2 nmiol CS2CO3 in DMF; at room temperature for 
foiirteen hours. The reaction mixture was concentrated in vacuo and diluted with water and ) 
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium 
10 sulfate, and pxirified by column chromatography eluting with 50% ethyl acetate and 50% 
hexane to obtain tert-butyl 4-[2-(2,4-dicUorophenyl)--2-oxoefhyl]pipera2inecarboxylate. 

2. Preparation of tert-butyl 4- (2-(2,4-dicMorophenylVl>r(dimethvlamino)methvleneV2- 
oxoethyllpiperazinecarboxylate 

1 mmol of tert-butyl 4-[2-(2,4-dichlorophenyl)-2-oxoetihLyl]piperazinecarboxylate 
15 was heated to 80**C in neat N,N-dimethylformamidedimethyl acetal for six hours. The 
reaction mixture was concentrated in vacuo and purified by trituration with diethyl ether to 
obtain tert-butyl 4-{2-(2,4-dichlorophenyl)-l-[(dimethylanaino)methylene]-2- 

oxoethyl}piperazinecarboxylate. 

3. Preparation of tert-butyl 4-r2-((2-r(6-anaino-5"nitro(2-pyridyn)aiiunolethyUamino)"4- 
20 (2,4-dichlorophenyl)pvriniidin-5-yl1piperazinecarboxylate 

1 mmol of tert-butyl 4-{2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene]-2- 
oxoethyl}piperazinecarboxylate, 1 mmol of amino {2-[(5-nitro(2-pyridyl))amino]-ethyl}- 
cafboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
25 ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium 
sulfate, and purified by column chromatography eluting with 5-10% methanol/methylene 
chloride to obtain tert-butyl 4-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}amino)-4- 
(2,4-dichlorophenyl)pyrinudin-5-yl]piperazinecarboxylate. 

4. Preparation of |2-r(6-amino-5-nitro(2-pyridyl))aiiiinolethyl>r4-(2,4-dichlorophenyn^ 
30 piperazinylpyrimidm-2-yl1 amine 

1 mmol of tert-butyl 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amLino)-4- 
(2,4-dichlorophenyl)pyriniidin-5-yl]pipera2inecarboxylate was heated to 60°C 3M HCl in 



BNSEXX;iD: <WO 022049SA2_L> 



wo 02/20495 



-104- 



PCT/USOl/42081 



MeOH for one hour and concentrated in vacuo to obtain {2-[(6-ainino-5-nitro(2- 
pyridyl))ainino]ethyl}[4-(2,4-dicmorophenyl)-5-pipera2iny^^ 
HPLC: 5.27mm. (100% purity) 
MS: Mir'= 504.2 

Example 85 

Preparation of (2-r(6-amino-5>nitro(2-pyridvl))amino1ethvl>r4-(4-ethvlphenvn^^ 

imidazolylpvrimidin-2-'yl1amine 




1 . Preparation of 2-bromo- 1 -(4-etfaylphenyl)ethan- 1 -one 

•10 20 mmol of l-(4-ethylphenyl)ethan-l-one, 1 ml cone. HCl were mixed in 20 ml 

diethyl ether at 0°C under nitrogen. To this solution a solution of 20 mmol Br2 in 20 ml 
chloroform was added drop wise and left for four hours and then concentrated in vacuo to 
obtain 2-bromo-l-(4-efhylphenyl)ethan-l-one. 

2. Preparation of l-(4-ethylphenyl)-2-imidazolylethan-l-one 

15 1 nraiol of 2-bromo-l-(4-ethylphenyl)ethan-l-one in acetonitrile was added drop 

wise to 5.5 mmol imidazoline in acetonitrile at room temperature for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted tbree times with ethyl acetate and dried over sodium sulfate to 
obtain l-(4-ethylphenyl)-2-imidazolylethan-l"One. 

20 3. Preparation of (2E)-3-(dimethylamino)-l-(4-ethylphenyl)-2-imidazolvlprop-2-en-l-one 
1 nmiol of l-(4-ethylphenyl)-2-imida2olylethan-l-one was heated to SO'^C in N,N- 
dimethylformamidedimethyl acetal for six hours and concentrated in vacuo to obtain (2E)- 
3-(dimethylamino)- 1 -(4-ethylphenyl)-2-imidazolylprop-2-en- 1 -one. 

4. Preparation of l2-r(6-amino-5-nitro(2-pvridyl))aniino1ethyl>r4-(4-ethvlphenvlV5" 

25 imida2olvlpyrimidin"2-ynamine 

1 mmol of (2E)-3-(dimethylamino)-l-(4-ethylphenyl)-2-imidazolylprop-2-en-l- 
one, 1 mmol of ainino{2-[(6-ainino-5-mtro(2-pyridyl))amino]ethyl}carboxamidine, and 3 
mmol of CS2CO3 was dissolved in DMF and hpated to 90''C for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted wifli water and ethyl acetate. The 

30 solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography elutuig with 5-10% methanol/methylene chloride to 
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obtain {2-[(6-amino-5-nitn)(2-pyridyl))aiiuno]efliyl} [4-(4-ethylphenyl)-5-imidazolyl- 

pyriinidin--2-yl]amine. 

HPLC: 7.733min. (100% purity) 

MS: MH^= 446.2 

5 Example 86 

Preparation of f2>r(6-amino>5>iiitro(2-pvridvl))aimno1ethvUr4-(2.4>^ 

pyridyl)pyrin[udin-2«ynaniine 

l-(2,4-dichlorophenyl)-2-(4-pyridyl)ethan-l-one was synthesized as in Suzuki et 
10 al., "Facile dibenzpylation of picoline," J. Heterocycl Chenu 22(6):1487-9 (1985). 1 
mmol of l-(2,4-dichlorophenyl)-2-(4-pyridyl)ethan-l-one was heated to 80°C in neat 
DMF-DMA for six hours. The reaction mixture was concentrated in vacuo and the residue 
was purified by trituration with diethyl ether. using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine hydrochloride (160mg, 0.58mmol, leq) and the 
15 enaminone (2E)-l-(2,4-dicWorophenyl)-3-(dimethylamino)-2-(4-pyridyl)prop-2-en-l -one 
(202mg, O.SSmmol) and Cs2C03(246mg, l.Seq) in 5ml DMF at 95°C for 6h/lt was worked 
up by concentration in vacuo and extraction into ethyl acetate to jnleld a crude product tiiat 
was purified by colunm chromatography, eluting with 10% methanol in methylene chloride 
to yield {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dicWorophe^^^^ 
20 pyridyl)pyrinddin-2-yl]amine as a yellow powder aftCT lyophilization. 
HPLC: 6.32mm(100%) 
MS:MH^=497 

Example 87 

Preparation of {2-r(6"aniino-5--'mtro(2-pyridyl))amiholethyl> |4-(2,4-dichlorophenvl)-5-r5- 

25 (trifluoromethyl)( 1 ,2,3 ,4-tetraazolyl)1pvrimidin-2-yl> amine 

F 




II 

o 

Trifluoromethyl tetrazole was made according to the procedure published in 
Tetrahedron Letters 38(7): 1257-1260. A mixture of tetrachlorosilane (5mmol) and sodium 
azide (ISmmol) in dry acetonitrile (10ml) and trifluoromethyl acetamide (5mmol) was 
30 refluxed and stirred with the exclusion of moisture. The reaction mixture was poured into 
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ice cold sodium carbonate solution and extracted with chloroform (3X20ml). The solvent 
was distilled off under reduced pressure to yield trifluoromethyl tetrazole (MS:MH- 
=136.7) which was used without further purification. Trifluiomethyl tetrazole (Immol), 
CS2CO3 (1.3 mmol) and l-(2,4-dichlorophenyl)-2-chloroethan-l-one (Immol) were 
refluxed in DMF(2ml) ovamight. The reaction mixture was cooled and concentrated in 
vacuo, and then extracted into ethyl acetate and dried over sodixun sulfate. The extract was 
further purified by colunm chromatography on silica gel to yield l-(2,4-dichlorophenyl)-2- 
[5-(trifluoromethyl)(l,2,3,4-tetraazolyI)]ethan-l-one. 1 mmol of l-(2,4-dichlorophenyl)-2;- 
[5-(trifluoromethyl)(l,2,3,4-tetraazolyl)]efhan-l-one was heated to SO^C in neat DMF- 
DMA for six hours. The reaction mixture was concentrated in vacuo and purified by 
trituration witti die&yl ether. I mmol of the above raaminone, Immol of amino {2-[(6- 
amino-5-nitro(2-pyridyl))amino]efhyl}carboxamidine hydrochloride and 3 mmol of 
CS2CO3 were dissolved in DMF and heated to 90°C for fourteen hours. The reaction 
mixture was concentrated in vacuo and extracted into ethyl acetate and the residue after 
15 solvit evaporation was purified by column chromatography eluting with 5-10% methanol 
in methylene chloride to yield {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}{4-(2,4- 
dicMorophenyl)-5-[5-(trifluoromethyl)(l,2,3,4-tetraazolyl)]pyri^ as a 

yellow powder after lyophilization. 
MS :MH^- 556.0, 
20 HPLC: 10.77min(98.3%) 

Example 88 

Preparation of l2-r(6>amino-5-nitro(2-pvridyl))amino1elfavl>r4-f2,4-didd 

methylpipera2invl)pvrimidin--2-vl1amine 




25 l-(2,4-dichlorophenyl)-2-chloroefhan-l-one(lmmol) and methylpiperazine (4 

mmol) in 8ml DMF was stirred for 8h at room temperature. The reaction mixture was 
concentrated in vacuo and extracted into ethyl acetate and the organic layer was washed 
with water and dried with sodium sulfate. The residue after concentration in vacuo was 
purified by column chromatography eluting with 10% methanol in methylene chloride to 

30 yield l-(2,4-dichlorophenyl)-2-(4-methylpiperazinyl)ethan-l-one. The ethanone was taken 
up in DMF-DMA and heated to 80°C for 6h. The reaction mixture was cooled and 
concentrated in vacuo and the residue containing the enaminone was purified by column 
chromatography. 1 mmol of the enaminone obtained above, Immol of amino {2-"[(6- 
amino-5-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride and 3 mmol of 
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CS2CO3 was suspended in DMF and heated to 90*^0 for fourteen hours. The reaction was 
cooled and concentrated in vacuo. The residue was partitioned between water and ethyl 
acetate and the layers separated. The organic layers were dried with sodium sulfate and 
after solvent removal were chromatographed on silica gel eluting with 5-10% methanol in 
5 methylene chloride to obtain {2-[(6-amino-5-nitro(2--pyridyl))aniino]ethyl}[4-(2,4- 
dicMorophenyl)-5-(4-methylpipera2inyl)pyrimidin-2-yl]amine as a yellow powder after 
lyophilization. " 
LC RT 5.193 min (95.3%) 
MS:MH^=518.2 

10 Example 89 

Preparation of r4-(2.4-dichlorophenvlV5-(4>metfaylpipera2inyl)pvrimidin-2-yll {2-1(5- 

nitro(2-pvridvn)amino1ethyl> amine ^ 




O" 

1 -(2,4-dichlorophenyl)-2-chloroethan-l -one(lnam6l) and mefhylpiperazine(4 

15 mmol) in 8ml DMF was stirred for 8h at room temperature. The reaction mixture was then 
concentrated in vacuo and extracted into ethyl acetate and the organic layer was washed 
with water and dried with sodium sulfate. The residue after concentration in vacuo was 
pxirified by column chromatography eluting with 10% methanol in niethylene chloride to 
yield l-(2,4-dichlorophenyl)-2-(4-methylpiperazinyl)ethan-l-one. l-(2,4-dichlorophenyl)- 

20 2-(4-methylpiperazinyl)ethan-l.one was heated to 80°C in neat DMF-DMA for six hours. 
The reaction nMxture was concentrated in vacuo and the residue obtained was purified by 
tritmration with diethyl ether to yield the enaminone. Immol of the enaminone obtained 
above, Immol of aniino{2-[(5-nitro(2-pyridyl))aiiiino]ethyl}carboxamidine hydrochloride 
and 1.3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for fourteen hours. 

25 The reaction mixture was cooled to room temperature and concentrated in vacuo. Water 
was added and then extracted 3X with ethyl acetate. The combined organic layers were 
dried with sodium sulfate. The residue after solvent evaporation was purified by colunm 
chromatography eluting with 5-10% methanol in methylene chloride to yield [4-(2,4- 
dichlorophenyl>5-(4-.methylpiperazmyl)pyrimidin-2-yl] {^^ 

30 pyridyl))aniino]ethyl}amine as a yellow powdoraft^ lyophilization. 
HPLC 5.933min (>95%) 
MS:MH^ =503.1 
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Example 90 

Preparation of 4-r6-imida2olyl-2-((2-r(5-nitro(2-pvridyl))amino1etfayl^ 

ylTbenzeaecarbonitiile 

According to the procedure of Wierenga (Heterocycles^ 23:1687 (1985)), 9.45 g 
(0.034 mol) of S-methyl isourea nitrate, 13.57g (0.062 mol) of ethyl 3-(4-cyanophenyl)-3- 
oxopropanoate and 8.0 g (0.142 mol) of potassium hydroxide wwe suspended in 40 ml 
water and the heterogeneous mixture stirred for 18 h. The mixture was then filtered, and 
the solid washed with copious amounts of water. The solid was dried, and recrystalized 
fi'om 5% dimethylformamide/ethanol to afford 2.47 g (34%) of 4-(2-amino-4-oxo-l,3- 
oxazin-6-yl)benzenecarbonitrile as a colorless solid. 

A solution of 44 ml DMF, 3.81 g (17,89 mmal) 4-(2-amino-4-oxo-l,3-oxazin-6- 
yl)benzenecarbonitrile and 8.57 g . (53.63 mmol) of N-(2-aminoethyl)(tert- 
butoxy)carboxainide wctc heated to 50 ®C for 3 h. The reaction was then concentrated in 
vacuo (0.5 mm Hg) and the resulting yellow solid triturated with cold ethanol. The 
resulting suspension was filtered and the solid washed with copious amounts of ethanol. 
This gave 4.51 g (71%) of (tert-butoxy)-N-(2-{[6-(4-cyanophenyl)-4-hydroxypyrimidin-2- 
yl]amino}ethyl)carboxamide as a white solid. 

To a solution of 4.01 g (11.2 mmol) of (tert-butoxy)-N-(2-{[6-(4-cyanophenyl)-4- 
hydroxypyrimidin-2-yl]annino}ethyl)carboxamide, 4.82 g (13.5 mmol) of N- 
phenyltrifluorosulfonimide in 40 mL pyridine was added 4.03 g (12.4 mmol) of anhydrous 
cesium carbonate. The resulting suspension was stirred at room temperature for 1 8 h. and 
then partitioned between ethyl acetate and water. The aqueous layer was extracted 
thoroughly with ethyl acetate and the combined organics washed with 5% aqueous 
hydrochloric acid, water, and brine. Concentration and chromatography (silica gel, etiier, 
Rf = 0.40) gavel.50 g of 2-({2-[(tert-butoxy)carbonylamino]ethyl}amino)--6-(4- 
cyjanophenyl)pyrinMdin-4-yl (trifluorometiiyl)sulfonate as a gelatinous solid. 

2-( {2-[(tert-butoxy)carbonylamino]ethyl} amino)-6-(4-cyanophenyl)pyriinidin-4-yl 
(trifluoromethyl)sulfonate (134 mg, 0.275 nmiol) was dissolved in a 2 M solution of 
imidazole in N-methylpyrrolidinone and the resulting solution heated to 90 °C for 18 h. 
The solution was cooled, watCT added and the suspraision extracted tfaorougjhly with ethyl 
acetate. Concentration of the combined organic lay^ gave a crude solid which was 
chromatographed (silica gel, 0.5% anmionium hydroxide/5% meflianol/mefhylene 
chloride) to afford 66 mg of (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-6-imida2olyl-4- 
ylpyrinMdin-2-yI]amino } ethyl)carboxamide as a off white solid. 

Removal of the tert-butoxy protecting group was accomplished in the following 
maimer: the (tert-butoxy)-N-(2- {[4-(4-cyanophenyl)-6-imidazolyl-4-ylpyrunidin-2- 
yl]amino}ethyl)carboxanMde produced as described above was dissolved in anhydrous 
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trifluoroacetic acid (2 mL) and stirred at room temperature for 2 h. Concentration gave 
47.8 mg of 4-{2-[(2-aminoethyl)aniino]-6-inudazolyl-4-ylpyriimdm 
carbonitrile as its (2x) trifluoroacetate salt 

The 4- {2-[(2-anxinoethyl)ainino]-6-imidazolyl-4-ylpyrimidin--4"yl}benzene- 

5 carbonitrile trifluoroacetate produced as described above (48 mg, 0.074 mmol) was 
dissolved in 0,5 mL acetonitrile and 2-chloro-5-mtropyridine (12 mg, 0.074 mmol) added. 
The nuxture was heated to 80 for 18 h and fhen concentrated. Chromatography of the 
residue (silica gel, 5% methanol/methylene chloiide) afforded 5.1 mg (15%) of 4-[6- 
iimdazolyl-2-({2-[(5-nitr6(2-pyridyl))aniino]ethyl}anaino)py^^ 
1 0 yl]benzenecaibonitrile as a light yellow solid. 

HPLC [Method AZ-S] 7.25 min (100%), IHNMR; . 
MS: (m+H)/z, 428. 

Example 91 

Preparation of 4-r6"morpholin-2-((2-r(5"mtro(2-pyridyl))amino1etfayl}ainino)pvri^ 
15 yllbenzenecarbonitrile 

2-( {2-[(tert-butoxy)carbonylanMno]ethyl} aniino)-6-(4-K:yanophenyl)pyruiiidin-4-yl 
(trifluoromethyl)sulfonate (134 mg, 0.275 nunol) was dissolved in a 2 M solution of 
morpholine in acetonitrile and the resulting solution heated to 90^C for 18h. The solution 

20 was cooled, water added and the suspmsion extracted thorou^y with ethyl acetate. 
Concentration of the combined organic layers gave a crude solid which was 
chromatographed (silica gel, 2% methanol/methylene chloride) to afford 234 mg of (tert- 
butoxy)-N-(2-{[4-(4-cyanophenyl)-6-moipholin-4-ylpyriniidin-2-yl]aniino}ethyl)- 
carboxamide as a off white solid. Removal of the tert-butoxy protecting group was 

25 accomplished in the following manner: the (tert-'butoxy)-N-(2-{[4-(4-cyanophenyl)-6- 
morpholin-4-ylpyriixiidin-2-yl]amino}ethyl)carboxanude produced as described above was 
dissolved in anhydrous hydrogen chloride in dioxane (2 mL of a 2M solution) and stirred at 
room temperature for 2 h. Concentration gave 134 mg of 4-{2-[(2-aminoethyl)amino]-6- 
inndda2X>lyl-4-ylpyrinridin-4-yl}benzenecarboiutrile as its (2x) hydrochloride salt. 

30 The 4-{2-[(2-anainoethyl)amino]-6-morpholin-4-ylpyriimdin-4-yl}bera 

carbonitrile trifluoroacetate produced above (50 mg, 0.14 nomol) was dissolved in 0.25 mL 
acetonitrile and 2-chloro-5-nitropyridine (22 mg, 0.074 nunol) added. The mixture was 
heated to 80 **C for 18 h and then concentrated. Chromatography of the residue (silica gel, 
5% methanol/methylene chloride) afforded 5^1 mg (15%) of 4-[6-morpholin-2-({2-[(5- 

35 nitro(2-pyridyl))anauno]ethyl}anaino)pyrimidin-4-yl]b©nzena as a light yellow 

solid. 

HPLC [Method AZ-S] 7.20 min (100%), IHNMR; 
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MS: (m+H)/z, 447. 

Example 92 

Preparation of f 5>benzotriazolvl-4-(2,4-dicMoropheayl)pvrimid l2-r(5-mtror2- 

pyridvl))amino1ethyl>amine 



CI 




A solution of I-(2,4-dichlorophenyl)-.2-chIoroethan-l-one (10.0 g, 44.63 mmol), 
benzotriazole (10,6 g, 89.3 mmol) and triethylamine (9.0 g, 89.3 mmol) in 140 mL 
acetonitrile was refluxed for ISh. The acetonitrile was removed in vacuo, and the residue 
dissolved in ethyl acetate. Water was added and the water layer extracted twice with ethyl 
acetate. The combined organics were washed with brine, dried and concentrated to give 
13.2 g of a light brown solid. Recrystallization from ethyl acetate gave 4.8 g (35.%) of a 
colorless solid identified as 2-benzotriazolyl~ 1 -(2,4-dichlorophenyl)ethan-. 1 -one. 

2-ben2otriazolyl-l-(2,4-dichlorophenyl)ethan-l-one was dissolved in dimethyl- 
formamide dimethyl acetal (5 mL) and the solution refluxed for 8 h. Evaporation of the 
1 5 solvent gave 2-benzotriazolyl- 1 -(2,4-dichlorophenyl)-3-(dimethylainino)prop-2-en- 1 -one 
as an air sensitive red solid which was used in the next step without further purification. 

2-ben2otria2x>lyl-l -(2,4-dichlorophenyl)-3-(dimethylamino)prop-2-^ was 
dissolved in 64 mL N-methylpyrroIidinone and 6.82 g (20.9 lomol) of cesium carbonate 
and 4.19 g (16.12 mmol) of aniino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine 
20 hydrochloride added. The resulting suspension was heated at lOO'^C for 18h. The reaction 
was then cooled and partitioned between ethyl acetate and water. The aqueous layer was 
extracted with ethyl acetate, and the combined organic layers washed twice with wat^ and 
once with brine. Concentration of the combined organic layers gave a yellow solid which 
was recrystallized from 5% ethyl acetate/methanol to afford 4.25 g (65%) of [5- 
25 benzotriazolyI-4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))- 
amino]ethyl} amine as a light yellow solid. 
HPLC [Method AZ-S] 1 1.56 min (100%), IHNMR; 
MS: (m+H)/2, 522. 
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Example 93 

Preparation of r4-(2,4-dicMorophenvlV5"piperazinylpvriimdin-2-^^^ {2-r(5-mtro(2- 

pyridyl))amino1ethyl}aiiiine 




5 1 > Preparation of tert-butyl 4-r2-(2,4-dichloropheaylV2-oxoethyllpiperazinecarboxvlate 

1 nunol of 2,4-dichlorophenaq/l chloride in DMF was added drop wise to 1. nmaol 
of tert-butyl piperazinecarboxylateand 1.2 mmol CS2CO3 in DMF at room temperature for 
foxirteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three time^ with ethyl acetate, dried over sodium 
10 sulfate, and purified by column chromatography eluting with 50% ethylacetate and 50% 
hexane to obtain tert-butyl 4-[2-(2,4-dicWorophenyl)-2-oxoethyl]piperazmecarboxylate. 

2. Preparation of tert-butyl 4-{2-(2,4-dicMorophenyl)-l-r(dimethylamino)methylene1-2- 
oxoethyUpiperazinecarboxylate 

1 msnoX of tert-butyl 4-[2-(2,4-dichlorophenyl)-2-oxoethyl]piperazinecarboxyIate 
15 was heated to 80®C in neat N,N-dimefliylfonnamidedimethyl acetal for six hours. The 
reaction mixture was concentrated in vacuo and purified by trituration with dietiiyl ether to 
obtain tert-butyl 4- {2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene3-2-oxo- 
ethyl}piperazuiecarboxylate. 

3. Preparation of tert-butyl 4-r4-(2,4-dichlorophenylV2-((2-r(5-nitro(2- 
20 pyridyl))amino1etiiyl> amino)pyrimidin-5-yllpiperazinecarboxylate 

1 mmol of tert-butyl 4-{2-(2,4-dicUorophenyl)-l-[(dimethylamino)methylene]-2- 
oxoethyl}pipera2mecarboxylate, 1 mmol of amino {2-[(5-mtro(2-pyridyl))amino]- 
ethyl)carboxamidine, and 3 mmol of CS2CO3 was dissolved in DMF and heated to 90**C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
25 and ethyl acetate. The solution was extracted three times with ethyl acetate, dried over 
sodium sulfate, and purified by colmnn chromatography eluting with 5-10% methanol 
/methylene chloride to obtain tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2- 
pyridyl))anaino]ethyl}amino)pyriimdin-5-yl]piperazinecarboxylate. 

4. Preparation of r4-(2,4-dicMorophenylV5-pipera2Anylpyrinudin-2-yll{2-r(5-nitro(2- 
30 pyridyl))amino1ethyU amine 

1 mmol of tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino3- 
ethyI}amino)pyrimidin-5-yl3piperazinecarboxylate is heated to 60°C 3M HCl in MeOH for 
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one hour and concentrated in vacuo to obtain [4-(2,4-dichlorophenyl)-5- 
piperazinylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]e 
HPLC: 7.683min. (100% purity) 
MS: MHf- 489,1 

Example 94 

Preparation of l-r2-((2>r(6-aniino-5-nitro(2-pvridyl))anaLino1ethvUamino)-4^^ 
diclJorophenyl)pvrimidin-S-vll-4-methylpiperazine-2,6-dione 




1. Preparation of 2-r2-(2.4-dichlorophenyl)-2-oxoethynisoindoline-13-dione 

10 1 mmol of 2,4-dichlofophenac^l chloride in DMF was added drop wise to 2 mmol 

of phthalimide and 2 nunol of CS2CO3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]isoindoline-l,3-dione. 

2. Preparation of 2- (2-(2,4-dichlorophenyl)-l -r(dimethylamino)methylene1-2- 
15 oxoethyl ) isoindoline- 1 ,3-dione 

1 mmol of 2-[2-(2,4-dichlorophenyI)-2-oxoethyl]isoindoline-l,3-dione was heated 
to 80°C in N,N-dimethylfonnamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dichlorophenyl)-l-[(dimethylamino)mefhylene]-2-oxoethyl}isoindoline-l,3-dione. 

20 3. Preparation of 2-(N-^2-(|2-^(6-amino>5-nit^o(2-pyridyl))amino1etfavUami^o)-4-(2,4- 
dichlorophe^yDpy^imidin-5-yncarbamoyl>benzoic acid 

1 mmol of 2-{2-(2,4-dicUorophenyl)-l-[(dimethylaiEdno)methylene]-2- 
oxoethyl}isoindoline-l,3-dione, 1 nmiol of amino {2-[(6-amino-5-nitro(2-pyridyl))amino]- 
ethyl}carboxamidine, and 3 nmiol of CS2CO3 were dissolved in DMF and heated to 90°C 

25 for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried ovGr 
sodium sulfate to obtain 2-{N-[2-({2-[(6-aniino-5-nitro(2-pyridyl))anMno]ethyl}amino)-4- 
(2,4-dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid. . 

4, Preparation of 2-l2-(i 2-\( 6-aniino-5-nitro(2-pyridyl))amino1ethyl) amino)-4-(2.4- 
30 dicMorophenynpyrimidin-5-vl1isoindoline-l,3-dione 

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))aniino]efhyl}amino)-4^ 
dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120^C in acetic acid 



BNSDOCiD: <WO 0220495A2_L> 



wo 02/20495 



-113. 



PCT/USOl/42081 



for fovtr hovirs and then concentrated in vacuo to obtain 2-[2-({2-[(6-anuno-5-nitro(2- 
p5nidyl))amino]ethyl } ainino)-4-(2,4-dicWorophenyl)pyriniidin--5-yl]isoindoline- 1 ,3-dione. 

5. Preparation of r5-amino"4-(2,4"dicMorophenyl)p\njncddin-2"yl1 (2-r^^ 
. pyridvl))ainino1ethyl) amine 
5 1 mmol of 2-[2-({2-[(6-amino-5-mtro(2-pyridyl))anMno]ethyl}amino)-4-(2^ 

dichlorophenyl)pyrimidin-5-yl]isoindoline-l,3-dione and 20 mmol of hydrazine were 
stirred in ethanol at 75°C for two hours and then purified by column chromatography 
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4- 
dichlorophenyl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2--pyridyl))amino]ethyl}ainine. 

10 6. Preparation of l"r2-({2-r(6-aniino>5-nitro(2-pvridvl))amino1ethyUamino)"4-(2,4> 
dichlorophenyl)pyrimidin-5'-yl1-4"methylpiperazine'"2,6-dione 

1 mmol of [5-aminO'-4-(2,4-dichlorophmyl)pyrinaidin-2-yl]{2-[(6-ainino-5-nitr^ 
pyridyl))amino]ethyl} amine, and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTU, 
and 5 mmol of N,N-diisopropylethylamine were added to solution and stirred for six hours 

15 at room temperature. The reaction mixture was concoitrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfate, and purified by column chromatography eluting with 5*10% 
methanol/methylene chloride to obtain l-[2-({2-[(6-amino-5-mtro(2- 
pyridyl))anMno]ethyl}anMno)-4-(2,4-dicWorophenyl)pyrimidin-^ 

20 2,6-dione. 

HPLC: 7.560min. (99% purity) 
MS: Mff^^ 546.1 

Example 95 

Preparation of l"r2-((2-r(6-amino-5-nitro(2>pyridyl))ainino1ethyl>aiiiinoV4-(2,4- 
25 dichlorophenyl)pyrinridin-5-ylV3-morpholin-4-ylpyrrolidine"-2,5"dione 




L Preparation of 2-r2-(2,4-dichlorophenyl)-2-oxoethyl1isoindoline~l,3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
30 then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichloroph«iyl)-2- 
oxoethyljisoindoline- 1 ,3-dione. 
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2. Preparation of 2-{2"(2,4-dicMorophenvl)-l-r(dimethylamino)methvlene1-2- 
oxoethyll isoindoline- 1 ,3-dione 

1 inmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dione was heated 
to 80°C in N,N-diinethylformamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and purilBed by trituration with diethyl ether to ohtain 2-{2-(2,4- 
dichlorophenyl)- 1 -[(dimethylamino)methylene]-2-oxoethyl}isoindoUne- 1 ,3-dione. 

3. Preparation of 2-(N-r2-((2-r(6-aminO"5-nitro(2-pvridyl))aniinolethyUamino)^ 
dichlorophenyDpyrimidin-S-yllcarbamoyl }benzoic acid 

1 mmol of 2-{2-(2,4-dichlorophenyl)-l-[(dimethylainino)methylene]-2-oxoethyl}- 
isoindoline-l,3-dione, 1 mmol of amino {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}- 
carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]elhyl}amino)-4- 
(2,4-dichlorophenyl)pyrimidin-5-yl]carbamoyl}ben2oic acid. 

4. Preparation of 2-r2-( {2-r(6-amino-5"nitro(2-pyridyl))amino1ethyl> amino)-4-(2.4- 
dichlorophenyl)pyrimidin-5-ynisoindoline- 1 ,3-dione 

1 mmol of 2-{N-[2-({2-[(6-amino-5-mtro(2-pyridyl))arnino]ethyl}amino)-4-(2,4- 
dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid is heated to 120°C in acetic acid 
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}anunQ)-4-(2,4--dichlorophenyl)pyrimidin-5-yl]isoi^^ 

5. Preparation of r5-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yn |2-r(6>anMno-5-nitrof2- 
pyridyl))amino1etfayU amine 

1 mmol of 2-[2-({2-[(6-anMno-5.mtro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 
dichlorophenyl)pyrimidin-5-yl]isoindoline-l,3-clione and 20 mmol of hydrazine wctc 
stirred in ethanol at 75°C for two hours. The reaction was concentrated and purified by 
column chromatography 5-10% metiianol/meihylene chloride to obtain [5-amino-4-(2,4- 
dichlorophenyl)pyrimidin-2-yl] {2-[(6-a3iiino-5-nitro(2-pyridyl))amino]efhyl} amine. 

5 . Preparation of 1 -\2-( (2-r(6-amino-5-nitro(2-pyridyl))amino1ethyU giniino)-4-(2.4- 
dichlorophenyl)pvrimidin-5"Vl1-3-pvrroline-2,5-dione 

1 mmol of [5-aniino-4-(2,4-dichlorophenyl)pyrinddin-2-yl]{2-[(6-amino-5-nitro(^^ 
pyridyI))amino]ethyl} amine, and 2 mmol of malaic anhydride are stirred at room 
temperature for four hours. 2 nwnol of HBTU, and 3 mmol of N,N-diisopropylethylamine 
were added to solution and left for six hours at room temperature. The reaction mixture 
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was 
extracted three times with ethyl acetate, dried over sodium sulftite, and purified by column 



wo 02/20495 



-115- 



PCT/USOl/42081 



chromatography elutmg with 5-10% metibanol/methylene chloride to obtain l-[2-({2-[(6- 

amino-5-nitro(2-pyridyl))aimno]ethyl}ainin 

pyrroline-2,5-dione. 

6> Preparation of l-r2-({2-r(6-amino-5-iiitro(2-pvridvl))amino1ethyl)aiiiinoM-(2,4- 
dicMoropheayl)pyrimidin-5-yll-3-morpholin-4-vlp\aTolidiiLe-2,S-dione 

Large excess of morpholine was added to clean fractions of l-[2-({2-[(6-amino-5- 
mtro(2-pyridyl))aiiuno]ethyl}aniino)-4-(2,4-dicUorophenyl)pyrum 

2,5-dione concCTitrated in vacuo, and pmified by colirain chromatography eluting with 5- 
10% methanol/methylene chloride to obtain l-[2-({2-[(6-ainino-5-nitro(2--pyridyl))ainino]- 
ethyl}ainino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]-3-morpholin-4-ylp 
dione. 

HPLC: 8.133min. (100% purity) 
MS: MH^- 602.2 

Example 96 

Preparation of l-r4-(2,4-dichlorophenylV2-((2-r(5-nitro(2- 
pyridyl))amino1ethyUamino)pyriinidin-5-vl1-4-methylpiperazine'2,6-dione 

6- 

1 , Preparation of 2-r2-(2.4-dichlorophenvl)-2-oxoethyllisoindoline-l .3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyI)-2- 
oxoethyl]isoindoline-l ,3-dione. 

2, Preparation of 2-(2-(2,4-dic^orophenyl)-l-^(dimethylamino)methvlenel-2- 
oxoethvUisoindoline-l ,3-dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dione is heated to 
SO^'C in neat N,N-dimethylformamidedimethyl acetal for six ho\irs. The reaction mixture 
was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dicUorophenyl)-l-[(dimethylamino)methylene]-2-oxoethyl}isoindoline-l,3-dione. 

3, Preparation of 2-^N-^4-(2.4-dichlorophenvn-2-((2-^(5-mtro(2- 
pyridyl))amino1ethyU ainino)pyrimidin-S-vllcarbamovl>benzoic acid 

1 mmol of 2-{2-(2,4HiicMorophenyl)-l-[(dimefhylaniino)methylene]-2-oxoethyl}- 
isoindoline-l,3-dione, 1 mmol of amino {2-[(5-nitro(2-pyridyl))amino]- 
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ethyl} carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-{N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2- 
5 pyridyl))amino]ethyl}aniino)pyrimidin-5-yl]caibamoyl}benzoicacid^ 

, - - 4. Preparation of 2-r4-(2,4-dicMorophenylV2-((2-r(S-mtro(2-pvridvn)aminole& 

amino)pyrimidin-5-vl1isoindoline- 1 ,3-dione 

1 nmiol of 2-{N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}- 
amino)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120°C in acetic acid for four 
10 hours and then concentrated in vacuo to obtain 2-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl} aniino)pyrimidin-5-yl]isoindoline- 1 ,3-dione. 

^ ) 5, Preparation of r5-aniino-4-(2.4-dicMorophenvl)pyrimidin-2-vlU2-r(5-nitroQ^ 

pyridyl))amino1ethyU amine 

1 mmol of 2-[4-(2,4-dichlorophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}~ 
15 amino)pyriniidin-5-.yl]isoindoline--l,3-dione and 20 mmol of hydrazine were stirred in 
ethanol at 75°C for two hours and then purified by column chromatography eluting with 5- 
10% methanol/methylene chloride to obtain [5-amino-4-(2,4-dichlorophenyI)pyrimidin-2- 
yl] {2-[(5-nitro(2--pyridyl))amino]ethyl}amine. 

6. Preparation of l-r4>-(2,4"dicMorophenylV2-({2-r(5-nitro(2-pvridvl))amino1etfavU>- 

20 amino)pyrimidin-5"yl1-4-methylpipera2ine-2,6-dione 

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yl] {2-[(5-mtro(2-pyridyl)> 
aniino]ethyl} amine, and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTU, and 5 
mmol of N,N-diisopropylethylanMne were added to solution and stirred for six hows at 
^ room temperature. The reaction mixture was concentrated in vacuo and diluted with water 

25 and ethyl acetate. The solution was extracted three times with ethyl acetate,dried over 
sodium sulfate, purified by colunm chromatography eluttng with 5-10% 
methanol/methylene chloride to obtain l-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl}aniino)pyrimidin-5-yl]-4-methylpiperazine-2,6-dion 
HPLC: 12.850min. (100% purity) 

30 MS:Mir'=531.2 
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Example 97 

Preparation of l-r2"((2-r(6-aimno-5-nitro(2-pyridvl))ainino1ethvl}amin 
dicMorophenyl)pvrirmdin"5-yl10"(dimethylamino)p^ 




5 1. Preparation of 2-r2"(2,4-dicMorophenyl)"2-oxoethvl1isoindoline"L3-dion^ 

1 nnnol of 2,4-dicMorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
the purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]isoindoline- 1 ,3-dione. 

10 2. Preparation of 2-(2-(2,4-dicMorophenyl)"l-r(dimethylanaino)methvlaael"2- 
oxoethyl|isoindoline-l 3-dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dione was heated 
to 80°C in neat N^N-dimethylformamidedimethyl acetal for six hours. The reaction 
mixture was concentrated in vauo and purified by trituration with diethyl ether to obtain 2- 

1 5 {2-(2,4-dichlorophenyl)- 1 -[(dimethylamino)methylene]-2-oxoethyl} isoindoline- 1 ,3-dione. 

3. Preparation of 2-|N-r2-(|2-r(6-amino-5-mtro(2-pyridyn)amino1etfavl|aminoM^^ 
dichlorophenyppyriniidin'S-yllcarbamoyUbenzoic add 

Immol of 2-{2"(2,4-dichlorophenyl)-l-[(dimethylarnino)methylene]-2-oxoethyl}- 
isoindoline- 1 ,3-dione, Immol of amino {2-[(6"anuno-5-nitro(2-pyridyl))anuno] ethyl} - 
20 caiboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours.. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain 2-{N-[2-({2-[(6-anmio-5-nitro(2-pyridyl))amino]ethyl}amino)-^^ 
(254-dichlorophenyl)pyrimidin-5-yl]carbamoyl}beii2;oic acid. 

25 4. Preparation of 2-r2-({2"r(6-amino-S-mtro(2"Pyridyl))aminolethyllamino)--4-(2,4" 
dichlorophenyl)pyrimidin-5-yllisoindoline"l,3-dione 

1 mmol of 2-{N-[2-({2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 
dicMorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120^C in acetic acid 
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 

30 pyridyl))amino]ethyl}amino)-4-(2,4-dicWorophenyl)pyrimidin-5-yl]isoind 
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5. Preparation of r5"amino-4-(2,4-dichlorophenvl)pvrimidm-2-^^^ l2-r(6-amino-S-mtro(2- 
pyridvl))amino1 ethyl > amine 

1 mmol of 2-[2-({2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(^ 
dicUorophenyl)pyrinudin-5-yl]isoindoline-l,3-dione and 20 mmol of hydrazine were 
5 stirred in ethanol at 75**C for two hours and then ptdifiled by colnnm chromatography 
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4- 
dicWorophenyl)pyriinidin-2-yl]{2-[(6-amino-5-nifro(2-pyridyl))an^ 

6. Preparation of 1 -f 2-( {2-r(6-amino-5-nitro(2-pvridvl))amino1ethvU amino)»4-(2.4- 
dichlorophenyl)pyruiiidin--5-yl1-3-pvrroline-2,5-dione 

10 1 mmol of [5-amino-4-(2,4-dicMorophenyl)pyrimidin-2-•yl3{2-[(6•-amino-5-nitro(2- 

pyridyl))amino]ethyl}amine, and 2 mmol of malaic anhydride were stirred at room 
temperature for four hours. 2 mmol of HBTU, and 3nnanol of N,N-diisopropylethylamine 
were added to the solution and left for six hours at room temperature. The reaction mixture 
was concentrated in vacuo and diluted wi& water and ethyl acetate. The solution was 

15 extracted three times with ethyl acetate, dried over sodiimi sulfate, and purified bycolumn 
chromatography eluting with 5-10% methanol/methylene chloride to obtain l-[2-({2-[(6- 
amino-5-nitro(2-pyridyl))anMno]ethyl} amino)-4-(2,4-dichlorophenyl)pyrimidin--5-yl]-3- 
pyrroline-2,5-dione. 

7. Preparation of l-r2'(|2-r(6-aniino-5-nitrQ(2-pyridyl))amino1ethyUaminoM>(^^ 
20 dicMorophenyl)pyrimidin-5"Vll"3-(dimethylamino)pyrrolidine-2,5-dione 

A large excess of dimethylamine was added to clean firactions of l-[2-({2-[(6- 
amino-5-nitro(2-pyridyl))anMno]ethyl} aniino)-4-(2,4-dichlorop^^ 
pyrroline-2,5-dione conc^trated m vacuo. 
HPLC: 5.215min. (95% purity) 
25 MS: MH:*^= 560.2 

Example 98 

Preparation of (2"r(6-amino-S"mtro(2"pyridvn)aminolethyUr6-(2,4-dicMorophenvn-5- 

imidazolyl(2-pvridvl)lamine 




30 1. Preparation of l-'(2,4-dichlorophenyl)-2-in[iidazolylethan-l-one. 

A stirred solution of l-(2,4-dichlorophenyl)-2-chloroethan-l-one (0.95 M) and 
imidazole (2.68 M) in CH3CN (500 ml) were heated for 14-16 hours at 75 °C. The product 
was stripped of solvent under reduced pressure. The residue was diluted with 
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dichloromethane (1 L) and water (400 ml), and the mixture was stirred for 30 nun. After 
filtering off a solid impurity, the aqueous layer was removed and discarded. The organic 
layer was washed sequentially with water (300 ml), sat. aq. NaHCOa (300 ml), water (300 
ml), brine (200 ml), dried with Na2S04, filtered, and concentrated under reduced pressure. 
5 The reddish black oil was dried overnight in vacuo giving l-(2,4-dichlorophenyl)-2- 
imidazolylethan-l-one in 90% yield 

2. Preparation of ethyl 5-(2,4-dichlorophenyl)-4-imidazolvl-5-oxopentanoate. 

l-(2,4-dichlorophenyl)-2-imidazolylethan-l-one (0.80 M) was dissolved with - " 
heating as necessary in a stirred mixture of THF (250 ml) and abs. ethanol (250 ml). After 

10 cooling to room temperature, potassium hydroxide (0.20 M) was added followed by a 
dropwise addition of ethyl acrylate (45.8 ml) via addition funnel over 10 min. A room 
temperature water bath was used to cool the raothermic reaction for the first 30 min. After ^ 
stirring for 14-16 hours, the reaction was neutralized with gla. acetic acid (10 ml) and 
concentrated under reduced pressure. The residual dark reddish black slurry was dissolved 

15 in abs. ethanol (100 ml) and concentrated again under reduced pressure giving ethyl 5-(2,4- 
dichlorophenyl)-4-imidazolyl-5-oxopmtanoate (2) in 108% yield. The crude material is 
contaminated with potassium salts and is used without further purification. 

3. Preparation of 6-(2,4*dicMorophenvl)"S"iniidazolvl-U3,4--trihvdropyridin-2-one. 

A mixture of ethyl 5-(2,4-dichlorophenyl)-4-imida2olyl-5-oxopeatanoate (0.51 M) 

20 was dissolved in gla. acetic acid (245 ml), toluene (135 ml), and abs. ethanol (405 ml). 
Ammonium acetate (3.07 M) and flame dried 4A powder molecular sieves (145 g) were 
added to the stirred solution. The resulting mixture was stirred for 44-46 hours at 90-95 
under argon. After 24 hours of heating, additional reagents w^e added including 
aimnonixmi acetate (0,51 M), acetic acid (41 ml), and flame dried 4A powder molecular 

25 sieves (24 g). On cooling methanol (200 ml) was added with stirring for 15 minutes. The ^ 
sieves were filtered and washed with methanol (2 x 150 ml). The filtrate was concentrated 
under reduce pressure. To the crade material was added dichloromethane (1.5 L). The 
organic layer was then washed until basic, with 5-10% sodium hydroxide solution (3 x 500 
ml). The organic layer was then washed with distilled watCT (3 x 400 ml), saturated 

30 sodium chloride solution (300 ml), dried with sodium siilfate, filtered, and concentrated 
under reduce pressure. The reddish orange solid was dried in vacuo giving 102 g of crude 
product. A solution of 2% methanol in ethyl acetate (90-1 10 nal) was added to the crude 
product. The resulting solid was collected by filtration and washed with ethyl acetate (2 x 
100 ml). The off white solid was dried in vacuo to give 6-(2,4-dichlorophenyl)-5- 

35 imidazolyl-l ,3,4-trihydropyridin-2-one in 60% yield. 
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4. Preparation of 6-(2,4-dichlorophenyl)-5-imidazolylhydropvridin-2-K)n^ 

A mixture of 6-(2,4-dicUorophenyl)-5-iimdazoiyl-l,3,4-trihydropyridin-2-one 
(0.21 M), selemum(IV) oxide (0.63), and gla. acetic acid (400 iril) was stirred for 10 hours 
at 105" 110 °C under argon. The acetic acid was removed imder reduced pressure. 
5 Methanol (500 ml) was added. After mixing, the solution was filtered to remove selenium 
residue. To the methanolic solution, lead(II) acetate trihydrate (99 g) and distilled water 
(50 ml) were added and stirred for 1 hour. The mixture was filtered through a celite plug 
(0.25-0.5 inches). The solution was concentrated under reduced pressure. The cmde 
material was purified by a silica gel colmnn. The product was eluted with ethyl acetate and 
1 0 a slowly increasing gradient of methanol reaching a final concentration of 8%. The proper 
fractions were concentrated under reduced pressure and dried in vacuo. The solid was 
further purified by trituration with a small volume of 1:1 methanol and ethyl acetate. The 
') off-white solid was dried in vacuo to give 6-(2,4-dichlorophenyl)-5- 

imida2olylhydropyridin-2-one in 68% yield. 

15 5. Preparation of r2-(2,4-dichlorophenyl)-6-chlon>-3-pyridynimidazole. 

To the dry solid 6-(2,4-dichlorophenyl)-5-imidazolylhydropyridin-2-one (2.40 M) 
was added iST^-dimethylacetamide (6 drops) followed by phosphorous oxychloride (20 
ml). The reaction mixture was stirred for 18-20 hours at 105-110 °C under argon. The 
phosphorous oxychloride was removed under reduced pressure. The crude product was 

20 taken up in dichloromethane (75 ml), and flie solvent was removed under vacuum. The 
sticky solid was dried to a free flowing solid in vacuo 3-4 hour giving [2-(2,4- 
dichlorophenyl)-6-chloro-3-pyridyl]miidazole m 167% yield. The crude material is 
contaminated with phosphorous residue and is used with out fijrfher purification. 

6. Preparation of (2-aminoetfavnr6-(2.4-dicMorophenyl)-S-imidazolvl(2-pyridvniainme^ 
^ 25 The crude material above, [2-(2,4-dichlorophenyl)-6-chloro-3-pyridyl]imidazole 

was cooled under argon to -78 ""C with dry ice acetone. With argon continually flushing 
through the system, ethylene diamine (200 ml) was added very carefiiUy monitoring the 
release of gas and heat. After completing the addition, the reaction mixture was stirred for 
5-6 hours at 105-110 °C imder argon. Upon cooling, the ethylene diamine was removed 

30 under reduced pressure and dried in vacuo for 2-3 hours. To the residual material was 
added acetonitrile (100 ml) and saturated sodium bicarbonate solution (250-300 ml). To 
the stirred mixture above, sodium bicarbonate solid was added until the mixture was ftiUy 
saturated. After 30 min., acetonitrile (300-350 ml) was added to the saturated aqueous 
solution. The mixture was stirred and the layers were separated saving both aqueous and 

35 organic portions. The aqueous layer was extracted with acetonitrile (4 x 250 ml). The 
organic layers were combined and washed with saturated sodium chloride solution (100 
ml), dried with sodium sulfate, filtered, concentrated, and dried in vacuo. The residue was 
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dissolved in methanol (70-90 rrdy The mixture was filtered to remove residual salt, and 
conc^trated iinder reduced pressure. The off-white solid was dried in vacuo giving (2- 
aminoethyl)[6-(2,4-dicWorophenyl)-5-iinidazolyl(2-pyridyl)]amine in 97% yield based on 
the initial amount of 6-(2,4-dichlorophenyl)-5-imida2olylhydropyridin-2-one used. The 
5 material contains minimal amounts of salt and was used without further purification. 

7. Preparation of |2-r(6-aniino-5-nitro(2-pvridvn)anMno1etfayl>r6-f2,4-dichlorophm 
imidazolvl(2-pyridyl)1amine. 

A mixture of (2-a3Binoethyl)[6-(2,4-dichlorophenyl)-5-inudazolyl(2-pyridyl)]ariiine 
(0.14 M), 6-chloro-3-nitro-2-pyridylamine (0.14 M), iV^-dimethylacetamide (40 ml), and 

10 Hunig's base (2.5 ml) was stirred for 12 hours at 85-90 °C under argon. Ethylene diamine 
(3.8 ml) was added to remove the unreacted chloropyridine, and the nuxture was stirred for 
an additional 0.75-1 hour at 85-90 under argon. After cooling, the reaction was diluted 
with ethyl acetate (500-600 ml), extracted with saturated sodium bicaibonate (4 x 200 ml), 
distilled water (3 x 150 ml), saturated 3odium chloride (150 ml). The organic layer was 

15 dried with sodium sul&te briefly (2-3 nainutes) so as not to initiate precipitation of the 
product. The organic layer was filtered, concentrated, and dried in vacuo. To cause 
precipitation of the product, a minimal amount of methanol (3-5 ml) was added followed 
with tiie addition of an equal volume of ethyl acetate. The mixture was allowed to age for 
2-3 hours. The solid was collected by filtration, washed with minimal 1:1 methanol/ethyl 

20 acetate (5 ml), and a finally 100% ethyl acetate (2 xlO ml). The yellow soUd was dried in 
vacuo to give {2-[(6-anaino-5-mtro(2-pyridyl))aiiiino]ethyl}[6-(2,4-dichlorophenyl)-5- 
imidazolyl(2-pyridyl)]amindn 6 1 % yield. 
HPLC: 19.8 min (>95% purity) 
MS: M+H = 485 (C21H18C12N8O2+H = 485) 

25 Example 99 

Preparation of 6-r(2-{r4-(2Adichlorophenyl)-5-(4-methvlimidazol-2-yl)pyrimidin-2- 
yllaminol ethyl)aminolpyridine-3-carbonitrile 

H 

6-[(2-{[4-(2,4-dicUorophenyl)-5-(4-methyliniidazol-2-yl)p5Tiim 
30 ethyl)amino]pyridine-3-carbonitrilewas prepared using the general method for [4-(2,4- 
dichlorophenyl)-5-inaidazol-2-ylpyrinMdin-2-yl]{2-[(5-mtro(2-pyri 
aminewith the exceptions noted below. 




BNSDOCID: <WO 022049SA2J_> 



wo 02/20495 



-122- 



PCT/USOl/42081 



1. Preparation of 1 ■(2.4-dicMorophenyl)-2-(4-methvlimida2X)l-2-^vl)ethan^ 

A solution of 2,4-dichIorobenzoyl chloride (7.24 M) in dichloromethane (25 ml) 
was added dropwise over 20 minutes to a stirred solution of 2,4-dimethyliinidazole (0.80 
M) in dichloromethane (75 ml) and iV;iV"diisopropylefhylamine (Hunig's base) (34 ml). 
The reaction mixture was cooled during the addition using a water bath. The reaction 
mixture was then heated to reflux for 5 hours. The reaction can turn a darker color. The 
product was stripped of solvent under reduced pressure, and the resulting solid, was dried in 
vacuo for one hour. 

To the dry solid (described above) was added a solution (2:1 v/v, 120 ml) of gla. 
acetic acid and aq. con- HCL The mixture was then stirred at reflux for ca. 90 min. The 
acetic acid was removed via rotary evaporator. Upon cooling, distilled water (200 ml) and 
toluene (100 ml) were added to the solid residue^ which was vigorously stirred for 30 min. 
The solids were filtered, rinsed with 50 ml distilled water, and discarded. The filtrate was 
transferred to a separatory fiinnel. Afl;er the organic layer was discarded, the aqueous layer 
was washed with toluene (2 x 100 ml). The aqueous layer was transferired to a largeJbeaker 
(2 L) and diluted with isopropyl ether (50 ml). The stirred mixture was basified (pH 7-8) 
by careful addition of sodium bicarbonate which leads to the formation of a sticky white 
solid. Dichloromethane (200 ml) was added and stirring continued for 10 min. The 
organic layer was separated and the aqueous layer was again extracted with 
dichloromethane (100 ml). The organic layers were combined and washed with sat aq. 
NaHCOs (100 ml), distilled water (100 ml), brine (100 ml), dried with Na2S04, filtered, 
concentrated, and dried in vacuo giving l-(2,4-dichlorophenyl)-2T(4-methylimidazol-2- 
yl)ethan-l-one in 46% jdeld. 

2. Preparation of (2ZVl-(2,4-dichlorophenvl)"3-(dimethylainino)-2-(4-methvlimidazol-2- 
yl)prop-'2-en-l -one. 

A mixture of l-(2,4-dichlorophenyl)-2-(4-methylimidazol-2-yl)ethan-l-one (0.33 
M) and iV;A^-dimethylfonnamide-dimethyl acetal (DMFDMA) (25 ml) was stirred for 2.5 h 
at 70-75 °C. The DMFDMA was then removed imder reduced pressure and dried under 
high vacuum for several hours giving a light orange solid in quantitative yield. The 
enaminone product (2Z)-l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(4-.methylimidazol-. 
2-yl)prop-2-en-l-one was typically used without further purification. 

3. Preparation of 6-r(2-aminoethvl)amino1pvridine-3-carbonitrile. 

A mixture of 2-chloro-5-cyanopyridine (0.60 M) in acetonitrile (120 ml) and 
ethylene diamine (85 ml) were stirred overnight (ca. 16 h) at 75-80 under argon. The 
ethylene diamine was removed under reduced pressure and then dried in vacuo for 2-3 h. 
The residual solution was basified with IM sodium hydroxide solution (-100 ml). The 
aqueous solution was saturated with sodium chloride and extracted with a solution of 95 % 



wo 02/20495 



-123- 



PCT/USOl/42081 



ethyl acetate and 5% methanol (3 x 150 ml) and with a solution of 95% acetonitrile arid 5% 
methanol (3 xl50 ml). The organic extracts were combined and extracted wilh a saturated 
sodium chloride solution (2 x 70 ml). The organic layer was dried with sodium sulfate, 
Shexedf and concentrated under reduced pressure. The crude white to tan solid was 
5 triturated with ether (2 x 50 ml) and dried overnight in vacuo resulting in 78% yield of 6- 
[(2-amiiK)ettiyl)ainino]pyridiner3-carbonitrile. 

4. Preparation of amino l2-r(5-cvano(2-pvridvl))amino1ethvncarboxamidine. 
hydrochloride. 

A mixture of 6-[(2-aminoethyl)ainino]pyridine-3-carbonitrile (0.47 M), IH - 
10 pyrazole-l-carboxamidine hydrochloride (0.47 M), and acetonitrile (120 ml) were stinred 
ca. 24 h at 75-80 "C; Upon cooling, a precipitate was collected by filtration. The white 
solid was washed thoroughly with acetonitrile (2 x 100 ml), ethyl ether (3 x 100 ml), and 
dried overnight in vacuo giving ainino{2-[(5-cyano(2-pyridyl))amino]ethyl}carboxamidine 
as the HCl salt in 82% yield. 

15 5. Preparation of 6-rf2-f r4-(2.4-dichloiophenvl)-5-(4-methvlimidazol-2-vnpvrimidin-2- 
yll amino } ethyl)amino1pvridine-3-carbonitrile. 

A solution of sodium ^oxide (0.58 M) dissolved in abs. ethanol (15 ml) was 
added to a stirred mixture of (2Z)-l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(4- 
methylimidazol-2-yl)prop-2-en-l-one (0.41 M), amino {2-[(5-cyano(2-pyridyl))amino]- 

20 ethyl}caiboxamidine, hydrochloride (0.43 M), and abs. ethanol (20 ml). The reaction was 
tiien heated to 75-80 °C for 2.5 hours. On cooling the reaction was diluted witii ethyl 
acetate (400 ml) washed with sat- aq. NaHCOa (100 ml), distilled water (2x100 ml), brine 
(100 ml), dried with Na2S04, filtered, and concentrated. The crude product (~50% purity) 
was purified by flash chromatography over silica gel. The column was run starting with 

25 1:1 ethyl acetate to hexane, then ethyl acetate which was used until all of flie fast moving 
impurities had been removed. The product was eluted wifli 1 .5% methanol in ethyl acetate. 
The colunm is monitored by TLC using 5% methanol in ethyl acetate as the solvent 
system. The product has UV activity in the long wave length region and "glows" blue on 
the unstained TLC plate. The proper fractions were condensed. The off-white solid was 

30 dried overnight in vacuo giving 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimida2ol-2- 
yl)pyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbomtrile in 28% yield. 
HPLC: 20,7 min (>99% purity) 
MS: M+H = 465.3 (C22H,8Ci2N8+H = 465) 
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Example 100 

Preparation of r5-(f 1E)-1 -a2a-2-morpholin-4-ylprop-l-enyl)-4-(2,4- 
dichlorophenvl)pyriimdin-2-vl1l24(6-aniino--S-m^ 



1- Preparation of 2-r2-f2,4-dicMorophenvlV2-oxoethvl1isomdoline-K3-dion^ 

1 namol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalinwde and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
oxoethyljisoindoline- 1 ,3-dione. 

2! Preparation of 2-(2-(2.4-dichlorophenvlVl-^(dimethvlamino)methvlene^-2- 
oxoefllyl) isoindoline- 1 ,3-dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dione was heated 
to 80°C in N,N-dimefhylfonnamidedime£hyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and pxjrified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dicUorophenyl)-l-[(dimefhylainino)metiiylene]-2-oxoethyl}isoindoline-l,3-dione. 

3. Preparation of 2-m-r2-a2-r(6-aniino-5-nitrb(2-pyridvmanimo1eihvUamm 
dichlorophenyl)pyriinidin-5-yl1caibamovl>ben2oic acid 

1 mmol of 2-{2-(2,4-dicWorophenyl>l-[(dimethylainino)methyIene]-2- 
oxoetiiyl}isoindoline-l,3-dione, 1 mrnoi of amino {2-[(6-amino-5.nitro(2-pyridyl))- 
amino]ethyl}carboxamidine, and 3 nMnol of CS2CO3 were dissolved in DMF and heated to 
90°C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate and dried 
over sodium . sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}aminoH-(2,4-dicMor6phenyl)pyrimidin-5-yy 



4. Preparation of 2-r2-((2-r(6-amino-5-nitrof2>pyridymamino1ethvl)amino)-4-(2.4" 
dichlorophenynpvrimidin-5-yl1isoindoline- 1 ,3"dione 

1 mmol of 2-{N42-({2.[(6-amino-5-nitro(2-pyridyl))amino]ethyl}aniino)-4-(2,4- 
dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120°C in acetic acid 
for four hoxirs and concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}anuno)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]isoindol^^ 




II 

o 
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5. Preparation of r5-amino>4-(2,4-dicMoropheaynpvriimdin-2-vl^ (6-amino-5-nitrD(2- 
pyridvl))amino1ethyU amine 

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-^ 
dichlorophenyl)pyrimidin-5-yl]isoindoline-l,3"dione and 20 namol of hydrazine were 
5 stirred in ethanol at 75°C for two hours and purified by column chromatography eluting 
with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-dichloro- 
phenyl)pyrinaidin-2-yl] {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amine. 

6. Preparation of N"r2-({2"r(6'amino-5-nitro(2-pyridyl))anMnolethyUamino)-4-(2,4- 
dichlorophenyl)pyrimidin-5"ynacetamide 

10 1 mmol of [5-aniino-4-(2,4-dichlorophenyl)pyriniidin-2-yl]{2-[(6-aimno-5-nit^^ 

pyridyl))amino]ethyl} amine and 1 mmol of acetic anhydride were stirred at room 
temperature for four hours in THF. The reaction nciixture was concentrated in vacuo and 
diluted ^th water and ethyl acetate. The solution was extracted three times with ethyl 
acetate, dried over sodium sul&te, and purified by column chromatography eluting with 5- 

15 10% methanol/methylene chloride to obtain N-[2-({2-[(6-amino-5-nitix)(2- 
pyridyl))amino]ethyl}amino)-4-(2,4-^icUorophenyl)pyriinidin-5-yl^ 

7. Preparation of l-{r2-({2-r(6-amino-5-nitro(2"pyridyl))anxinolethyUamino)"4-(2.4- 
dichlorophenyl)pyrimidin-5-vl1 amino} ethane- 1 -thione 

1 mmol of N-[2-({2-[(6-ainino-5-iutro(2-pyridyl))a3iuno]ethyl}ainino)-4-(2,4- 
20 dichlorophenyl)pyrimidin-S-yl]acetamide and 2 mmol of Lawesson's reagent were stirred 
in 2 ml of DME at 80^C The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfete, and purified by colixmn chromatography eluting with 5-10% 
methanol/metiiylene chloride to obtain l-{[2-({2-[(6-amino-5-nitro(2-pyridyl))- 
25 anMno]ethyl}amino)-4-(2,4-dicUorophenyl)pyrinddin-5-yl]ainino} ethane- 1 -thione. 

8. Preparation of ^5-((lZ)-l-aza-2-morpholin-4-ylp^op-l-enyl)-4-(2,4- 
dichloropheny^pyriInidin-2-yll(2-^(6-a^^no-5-l^tro(2-pyridyl))amino^ethyU^^ 

1 mmol of l-{[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 
dicfalorophenyl)pyriiiiidin-5-yl]amino}ethane-l-thione was heated. to 90°C in morpholine 
30 and purified by column chromatography eluting with 5-10% methanol/methylene chloride 
to obtain [5-((lZ)-l-aza-2-morpholin-4-ylprop-l-enyl)-4-(2,4-dicMorophenyl)pyriinidin-2- 
yl] {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amine. 
HPLC: 9.75min. (100% purity) 
MS: MH^= 546.3 
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Example 101 

Preparation of r4-(2.4-dichIoix)phenyl)-5-imidazol-2-vlpvrimidm^ 

nitro(2-pvridyl))aiiiino1ethvU amine 




1. Preparation of 6-cbloro-2-methoxv>3'nitro-pvridine 

To a suspension of sodium hydride (684 mg, 28.49 mmol) in xylene (100 ml), 
methanol (0.98 ml, 25.9mmol) in xylene (30 ml) was added under nitrogen. The mixture 
was stirred for 20 min. A solution of 2,6-dichloro-3-nitropyridine (5.0g, 25.9nmio) in 
xylene (100 ml) was added to the reaction mixture and stirred at room temperature 
overnight. WatCT (50 ml) was added and the organic layer was separated. The organics 
was washed with water (IXSOml) and brine (2X5Qml), dried, and concentrated in vacuo. 
The crude product was purified by flash chromatography (10;1 methylene chloride and 
acetone) to provide the desired compound, 6-chloro-2-methoxy-3-nitro-pyridine, as the 
only isomer as light yellow solid (90%). 

2. Preparation of r4-(2.4-dicMorophenyl)-5-iniidazol-2-vlpvrimidin-2-yl1(2-r(6-metho^^^ 
5-^nitro(2"pvridyl))aminolethvl| anmie 

To a solution of [4-(2,4-dicMorophenyl)-5-imidazol-2-ylpyrinudin-2-ylethylainine 
(20 mg, 0.04 mmol) in DMF (1ml), 2-methoxy.3-nitro-6-chloro-pyridine (8.3 mg^ 0.04 
mmol) and diisopropylethyl amine (31 jiil, O.lSmmol) were added. The reaction mixture 
was stirred for 12 hours at 80°C. The crude mixture was concentrated in vacuo and 
subjected to column chromatography (10% methanol in methylene chloride) to afford [4- 
(2,4-dichlorophenyl)-5-imidazol-2~ylpyriimdin-2-yl]{2-[(6-methoxy-5-nitro(2-pyri 
aminojethyl} amine as bright yellow solid. 
HPLC: 3.1 min (100% pure) 
MS: MH+= 501 C21H18C12N803 = 500g/mol 

Example 102 

Preparation of r4-(2.4'dichlorophenyl)-5-imidazolylpyrimidin-2-yl1 |2-r(6-methoxv-5- 

nitro(2-pvridyl))amino1 ethyl) amine 

[4-(2,4-dicWorophenyl)-5-imidazolylpyrimidin-2-yl]{2-[(6-methoxy-5-nitro(2-- 
pyridyl))amino]ethyl} amine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-l- 
ylpyrimidin-2-ylethylamine in accordance to the procedure described above for the 
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preparation of [4-(2,4-dicWorophenyl)-5-imidazol-2-ylpyranaidin-2-yl] {2-[(6-methoxy-5- 

nitro(2-pyridyl))amino]ethyl} amine. 

HPLC: 3.2min (100% pure) 

MS: MH+= 501 C21H18C12N803 = 500g/mol 

5 Example 103 

Preparation of 6-r(2-(r4-(2.4-(HdilorophenvlV5-imida2ol-2-vlpvrimidin-2-- 
yl1amino>ethvl)amino1-3-mtropyridin-2-ol 

[4-(2,4-dicMorophenyl)-5-imidazol-2-ylpyriinidm-2-yl]{2-[(6-methoxy-5-iiitro(2- 
10 pyridyl)amino]e1iiyl} amine (7ing, O.Olininol) was treated with hydrobromic Ecid (10071) 

and acetic acid (10071) and stirred at 100°C overnight. The mixture was concentrated in 

vacuo and lyophilized to give 6-[(2-{[4-(2,4-dichlorophenyl)-5-iniidazol--2-ylpyrimidin-2- 

yl]aniino}ethyl)aniino]--3-nitropyridin-2-ol as a dark brown solid. 

HPLC: 2.7niin (100% pure) 
15 . MS:MH-l-=487C20H16C12N8O3 =486g/mol 

. Example 104 

Preparation of 6"r(2-(r4-(2,4-dicMorophenyl)-5-imidazolylpvrimidin'-2> 
ynan:iino> etfavl)aminol-3-nitropyridin-2-ol 

20 6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyriniidin-2-yl]amino}ettiyl)a 

nitropyridin-2-ol was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-l-ylpyrimidin-2- 
yl]{2-[(6-methoxy-5-nitro(2-pyridyl)amino]ethyl} amine (7mg, 0.01 mmol) by following 
the same procedure as described for tiie preparation of 6-[(2-{[4-(2,4-dichlorophenyl)-5- 
iinida2ol-2-ylpyrimidin-2-yl]amino}ethyl)anMaio]-3-nifr^ 

25 HPLC: 2.46min (100% pure) 

MS: MH+= 487 C20H16C12N8O3 = 486 g/mol 

Example 105 

Preparation of l-{6-^(2-(^4-(2,4"dichlorophenvl)^5"imidazolylpyrinlidin'^2- 
ynamino } ethyDamino VB-pyridyl) ethan- 1 -one 

30 

1 - {6-[(2- {[4-(2,4-dichlorophenyl)-5-iinida2olylpyrinMdin-2-yl]amino} ethyO^ 
amino]-3-pyridyl}ethan-l-one was prepared from [4-(2,4-dichlorophenyl)-5-imida2ol-l- 
ylpyrimidin-2-yl]ethylamine and l-(6-chloro-3-pyridyl)-ethanone (prepared as described in 
Tetrahedron 48:9233 (1992)) in accordance to the procedure described above for the 
35 preparation of [4-(2,4-dicUorophenyl)-5-imidazol-2-ylpyriinidin-2-yl]{2-[(6-me&^ 
nitro(2-pyridyl))amino]ethyl} amine. 
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Example 106 

Preparation of r4-(2,4-dicMorophenylV5>imida2oI-2-vlp>ajim 
(iminomethoxvmetfavlX2>pvridvniaminolethvl)an^ And 6-r(2>ir4-(2,4>dichlorophenLvl)- 
5-imidazol-2-ylpyriniidin"2-vl1apuno>etfaynaniino1pyridm 

[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-cyano(2-pyridyl)- 
ainino]ethyl} amine (20 mg, 0.04mmol) was treated with saturated solution of methanolic 
ammonia (Inol) and ammonium chloride (lOmg) and stirred at 60°C ovemight. The crude 
product was purified by colimm chromatography (10%methanol in methylene chloride) to 
provide the title compoimds as white powd^. 
HPLC: 2.38 min (100%- pure) 
MS: MH-+= 484 C22H20C12N7O = 483 g/mol 
HPLC: 1.94 min (100% pure) 
MS: MH+= 469 C22H20C12N7O = 468 g/mol 

Example 107 

Preparation of l6-r(2-(r4>(2,4>dicMorophenyl)-5-iniidazol-2-vlpvrimidin-2- 
yllanMno) ethyl)anMnol(3-pyridyl)>iminomethy1hydroxvlanmie 

A solution of [4-(2,4-dicMorophenyl>5-imida2ol-2-ylpyrunidin-2-yl] {2-[(5- 
cyano(2-pyridyl)amino]ethyl}amine (20 mg, 0.04mmol) in aqueous ethanol(50?l of water 
in 500 ?1 ethanol) was treated with hydoxylamine hydrochloride (3.0 mg, 0.04nmiol) and 
diisopropylethyl anune (16 ?1, 0.08 mmol). The reaction naixture was stirred overnight 
under reflux, and concentrated in vacuo. The residue was taken up in ethylacetate and 
washed with brine and concentrated. The crude mixture was subjected to column 
chromatography (10% methanol in methylene chloride) to give {6-[(2-{[4-(2,4- 
dicWorophenyl)-5-imida2ol-2-ylpyritnidin-2-yl]amino } ethy 
methylhydroxylamine. 
HPLC: 2.16 min (100% pure) 
MS: MHH-= 484 C21H190C12N9O = 483 g/mol 

Example 108 

Preparation of {6-r(2-{r4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin'2- 
yl1amino|ethyl)anMio1(3'-pyridyl)|iminomethylhydroxylanaine 

{6-[(2- {[4-(2,4-dichlorophenyl)-5-imidazolylpyrinddin-2"yl]amino}ethyl)- 
amino](3"pyridyl)}iniinomethylhydroxyIamine was prepared from [4-(2,4- 
dicUorophenyl)-5-inMdazol-l-ylpyriniidin-2-yl]ethylaniine in accordance to the procedure 
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described for the preparation of {6-[(2-{[4-(2,4-dicUorophenyl)-5-ijidda2ol-2-ylpyriim 

2-yl]amino} ethyl)aiimo](3-pyridyl)}iminomethylhydroxylaii^ 

HPLC: 2.19 min (100% pure) 

MS: MH+= 484 C21H190C12N9O = 483 g/mol 

5 Example 109 

Preparation of 6-r(2-{r4-(2,4-dicMorophenyl)-5-imidazol-2'ylpvrimidin"2- 
yllamino) ethyl)amino1pvridine-3'-carboxaiiiidine 

A solution of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5- 
10 cyano(2-pyridyl)amino]ethyl} amine (20 mg, 0.04mmol) in saturated solution of 
methanoic ammonia was stirred at 60°C for 48 h. The product was purified from the crude 
using reverse phase column chromatography to give 6"[(2-{[4-(2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl]amino} ethyl)amino]pyridine-3-carboxamidine. 
HPLC: 2.14 min (100% pure) 
15 MS: MH-f= 468 C21H19C12N9 = 467 g/mol 

Example 110 

Preparation of r4-(2,4-dicMorophenyl)-5-inudazol-l-ylpvrinddin-2-yl1(2-r( 4-cvano (2- 

pyridyDaminol ethyl } amine 

20 [4-(2,4-^cMorophenyl)-5-iimda2ol-l -ylpyrimidin-2-yl] {2-[(4-cyano(2-pyridyl)- 

amino]ethyl} amine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrunidin- 
2-yl]ethylamine and 2-chloro-4-cyanopyridine in accordance to the procedure described 
above for the preparation of [4-(2,4-dichlorophenyl)-5-iinida2ol-2-ylpyrinudin-2-yl]{2-[(6- 
methoxy-5-nitro(2-pyridyl))anuno]ethyl}aniine. 

25 HPLC: 2.79 min (100% pure) 

MS: MH-h= 451 C21H16C12N8 = 450 g/mol 

Example 111 

Preparation of l6-r(2-{r4-(2,4-dichlorophenylV5-imida2ol-2-vlpvrimidin-2- 
yllarnino>ethyl)aminoV3-mtro(2"pyridyl)>dimefliylamine 

30 

1. Preparation of 6-chloro-2-dimethylamino-3-nitro pyridine 

A mixture of 2,6-dichloro-3-nitropyridine (1.9 g, lOmmole) and potassium 
carbonate (1.66g, 12xmnole) in 30ml of tetrahydroftiran was stirred at 0°C for 5 min. A 
solution of dimefhylamine/tetrahydrofriran (2M, 6ml, 12mmole) was added dropwise to 
35 the reaction mixture over 40 min. After stirring for 5 min at O'^C, the mixture was warmed 
to room temperature and stirred overnight. The reaction mixture was filtered and the 
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filtrate was collected and concentrated imder reduced pressure. The crude product was 
purified by flash chromatography, eluting with 87% hexane: 13% ethyl acetate to give 6- 
cWoro-2-dimethylanuno-3-nitro pyridine (L05g). 
HPLC: 1 1 . 1 8 min (90% pure) 
5 MS:MH+=202.1 C7H8C1N302 =201g/mol 

2, Preparation of |6-r(2-ir4-(2.4-dicMorophenvl)-5-iniidazol-2-vlpvrimidin-2- 

vl1arninolethvl)aniinoV3-mtrof2-pvridyl)>dimethylanm^ 

{6-[(2- {[4-(2,4-dichlorophenyl)-5-iniidazol-2-ylpyrimidin-2-yl]aniino} et 

amino]-3-nitro(2-pyridyl)}dimethylamine was prepared from [4-(2,4-dichlorophenyl)-5- 
10 imidazol-2-ylpyrimidin-2-ylethylamine and 6"-chloro-2-dimethylamino-3-nitro pyridine in 

accordance with the procedure described above for the preparation of [4-(2,4- 

dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-pyridyl))- 

aimno]ethyl} amine, 

HPLC: 11.5 min (85% pure) 
15 MS: MH+=514,2 C22H21C12N902 = 513g/mol 

Example 112 

Preparation of |6>r(2>(r4>(2,4-dichlorophenvl)-5>imida2olvlpvrimidin-2- 
yl1aminoletfaynaminol-3-nitro(2-Pvridvn>dimethylamine 

20 {6-[(2-{[4-(2,4-dicMorophenyl)-5-inudazolylpyriniidin-2-yl]aniino}et^^ 

3-nitro(2-pyridyl)}dimethylamme was prepared from [4-(2,4-dichlorophenyl>5-imida2ol- 
l-ylpyrimidin-2-ylethylamine and 6-cUoro-2-dimethylamino-3-nitro pyridine in 
accordance with the procedure described above for the preparation of [4-r(2,4- 
dichlorophenyl).5-inudazol-2-ylpyri0udin-2-yl]{2-[(6-methbxy-5-m 

25 ethyl} amine. 

HPLC: 1 1 .6 min (85% pure) 

MS: MHH-=514.3 C22H21C12N902 = 513g/mol 

Example 113 

Preparation of r4-(2,4-dichlorophenvl)-5-imidazol-2-vlpyrimidin>-2-vl1(2-ir6- 
30 (methylamino)"5-nitro(2-pvridvl)1amino)ethyl)aniine 

1. Preparation of 6-chloro-2-methylamino-3-nitro-pvridine 

6-chloro-2-methylamino-3-nitro-pyridine was prepared in accordance to the 
procedure described above for the preparation of 6-chloro-2-dimethylamino-3-nitro 
35 pyridine by using solution of methyl amine. The cmde product was purified by flash 
chromatography, eluting with 90% hexane: 10% ethyl acetate to 16 (300mg). 
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HPLC: 12.06 min (85% pure) 

MS: MH+= 188-1 C6H6C1N302 187g/mol 

Preparation of r4-(2,4-dichlorophenvl)-5-iimdazol-2-ylpvri^ 
(raethylamino)-5-rutro(2-pyridyl)1aiimio> ethyDamine 
5 [4-(2,4-dicMorophenyl)-5-iniidazol-2-ylpyriinidm-2-yy 

iiitro(2-pyridyl)]amino}ethyl)amine was prepared from [4-(2,4-dichlorophmyl)-5- 
imida2ol-2-ylpyrmiidin-2-ylethylamine and 6-chloro-2-methylanLuno--3'-nitro-pyridine in 
accordance with the procedure described above for the preparation of [4-(2,4- 
dichlorophenyl)-5-inMdazol-2-ylpyriinidin-2-yl]{2-[(6-niefhoxy-5-nitro(2 
10 ethyl} amine. 

HPLC: 1 1 min (85% pure) 

MS: MH+= 500.3 C21H19C12N902 499g/mol 

Example 1 14 

Preparation of r4-(2,4-dicMorophenyl)-5-iniida2olylpyriinidin"2-vl1(2-(r6-(methylag 
15 5-nitro(2"pvridyl)lainino>ethvl)amine 

[4-(2,4"dicUorophenyl)-5-imidazolylpyriimdin-2-yl](2-{[6-(methylaniino)-^ 
nitro(2-pyridyl)]amino}ethyl)amine was prepared from • [4-(2,4-didilorophenyl)-5- 
imida2ol-l-^ylpyrimidin-2-ylettiylanaine and 6-chloro-2-methylamino-3-nitro-pyridine in 
20 accordance with the procedure described above for the preparation of [4*(2,4- 
dicUorophenyl)-5-imida2ol-2-ylpyrinaidin"2-yl]{2-[(6-methoxy-5-nitro(2-pyri 
amino3ethyl} anmie. 
HPLC: 11.3 min (85% pure) 
MS: MH+= 500.3 C21H19C12N902 499g/mol 

25 Example 115 

Preparation of 2,6-dichloropyridine'3-carboxamide; 
2^6-dichloropyridine-3-carbonitrile; and 
6-chloro-2-methoxypvridine-3-carbonitrile 

1. Preparation of 2,6-'dichloropvridine-3"Carboxainide 

30 A mixture of 2,6-dichloro-3-carboxypyridine (5.73 g, 30 mmole) and N- 

methylmorpholine (3.6 ml, 33 mmole) in dichloromethane (100 ml) was stirred in an ice- 
batib for 5 min. Isopropyl chloroforraate (4.28 ml, 33 nraiole) was added the reaction 
mixture at O^C. The reaction mixture was stirred for 30 min and then bubbled with pure 
ammonia gas for 2 min. and stirred overnight at room temperature. The crude was 

35 concentrated under reduced pressure and sodium bisul&te (0.5M, 35 ml) was added with 
stirring. The aqueous solution was extracted with ethyl acetate (3X 40ml). The organics 
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was washed with water and brine and dried with sodium sulfate to give yellow erode 
product (6.3g, 50% pure). 

Preparation of 2,6-dichloropvridine-3>carbonitrile 

To a mixture of 2,6rdichloro-3-acetamidopyridine (6.3g, 55% pure) and pyridine 
5 (4.93ml, eimmole) in dichloromethane (100 ml), trifluoroacetic anhydride (4.23 ml, 30 
• , . mmole) was added. The reaction mixture was stirred at room temperature overnight and 

concentrated under reduced pressure. The crade product was purified by flash 
chromatography, eluting with 85% hexane: 15% ethyl acetate to give a pale yellow product 
(1.77g,90%). 
10 HPLC: 1 0.26 min (90% pure) 

MS: MH+= 172.9 C6H2C12N2 171.9g/mol 

Preparation of 6"Chloro-2-methoxvpvridine"3-carbonitrile 

6-chloro-2-methoxypyridine-3-carbonitrile was prepared firom 2,6-dichloro- 
pyridine-3-carboxamide in accordance with the procedure described above for the 
15 preparation of 6-chloro-2-methoxy-3-mtro-pyridine. 
HPLC: 1 L37 min (80% pure) 
MS: MH+= 169.1 C7H5C1N20 i68g/mol 

Example 116 

Preparation of 6-r(2-{r4-(2.4-dichlorophenvlV5-imidazolvlpvrimidin-2- 
20 ynamino>ethvnaminol-2-metfaoxvpvridine-3-carbonitrile 

6-[(2- {[4-(2,4-dicUorophenyl)-5-imidazolylpyrimidin-2-yl]amino} ethyl)amino]-2- 
methoxypyridme-3-carbonitrile was prepared fi^om [4«(2,4^dichIorophenyl)-5-imidazoH- 
^ ylpyrimidin-2-ylethylamine and 6-chloro-2-methoxypyridine-3-carbonitrile in accordance 

25 with the procedure described above for tiie preparation of [4-(2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl}amine. 
HPLC: 1 L8 min (85% pure) 
MS: MH+= 481 .2 C22H1 8C12N80 480g/mol 

Example 117 

30 Preparation of 64(2-(r4-(2,4-dichlorophenvn-5-imidazol-2-ylpvrimidin-2- 

vllamino>eflivl)aminol-2-methoxvpyridine-3"Carbonitrile 

6-[(2-{[4-(2,4-dicMorophenyl)-5-imidazol-2-ylpyriinidin-2-yl]amino 
2-methoxypyridine-3-carbonitrile was prepared from [4-(2,4-dichlorophenyl)-5-imidazol- 
35 2-ylpyrimidin-2-ylethylamine and 6-chloro-2-methoxypyridine-3-carbonitrile in 
accordance with the procedure described above for the preparation of [4-(2,4- 
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dichlorophenyl)-5-iinidazol-2-ylpyrimidin-2-yy 

pyridyl))amino]ethyl} ainine, 

HPLC: 1 1 .37 min (80% pure) 

MS: 169.1 C7H5C1N20 168g/mol 

Example 118 

Preparation of N- 1 6'r(2" ir4'(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidm 
vl1amino|ethvnaimno1-3-nitro-2-pvridyI|acetaimde 

1. Preparation of N-(6-chloro-3''iiitro-2-pyridyl)acetamide 

To a suspension of sodixim hydride (120 mg, 5 mmole) in tetrahydrofuran(10 ml), a 
solution of 2-amino-3-nitro-6-chloropyridine (870 mg, 5 mmole) in 20inl of 
tetrahydrofuran (20ml) was added. The reaction mixture was stirred at room temperature 
for 30 min. A solution of acetic anhydride (377 p.1, 6 nraiole) in tetrahydrofuran (10 ml) 
was added and stirred at room temperature ovemight. The reaction mixture was quenched 
with water and concentrated under reduced pressure. The cmde product was dissolved in 
dichloromethane and washed with brine. The organic layer was dried with sodium sulfate 
and then concentrated under vacuo. The crude was purified by flash chromatography » 
elutrng 78% hexane: 22% ethyl acetate to give a yellow product (88 mg). 
HPLC: 6.36 min and 9.78 mm (88% pure) 
MS: MH+= 215.9 C7H6C1N303 215g/mol 

2. Preparation of N-(6-^(2-{^4-(2,4-dicMorophenyl)^5-imidazol-2-ylpyrixnidin^2- 
yl^amino} ethyl)aminoV3"nitro-2-pvridyU acetaniide 

N- {6-[(2- {[4-(2,4-dicUorophenyl)-5-imidazol-2-ylpyrinddin-2-yl]anMno} ethyl)- 
amino]-3-nitro-2-pyridyl}acetamide was prepared from [4-(2,4-dichlQn>phenyl)-5- 
niiidazol-2-ylpyrinMdin-2-ylefhylamine and N-(6-chloro-3-nitro-2-pyridyl)acetamide in 
accordance with the procedure described above for the preparation of [4-(2,4- 
dicUorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5-nitn>(2-pyridyl) 
ethyl} amine. 

HPLC: 10.6 mm (85% pure) 

MS: MH+= 52?.2 C22H1 9C12N903 527 g/mol 

Example 119 

Preparation of N- {6-r(2- {r4-(2,4-dichlorophenyl)-5-iinidazolylpvrimidin-2- 
yllamino)ethvl)aniino1-3-intro-2-pyridyUacetamide 

N- {6-[(2- {[4-(2,4-dicWorophenyl)-5-imidazolylpyrunidm-2-yl]amino} ethyl)- 
anMno]-3-nitro-2-pyridyl}acetamide was prepared from [4-(2,4-dichlorophenyl)-5- 
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miidazol-l-ylpyriinidin-2-ylethylaniine and N-(6-chloro-3-nitro-2-pyridyl)acetamide in 
accordance with the procedure described above for the preparation of [4-(2,4- 

dicWorophenyl)-5-iimdazol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5-nitro(2-pyridyl))amino]- 
ethyl} amine. 

HPLC: 1 0.8 min (85% pure) 

MS: MH4= 528.2 C22H19C12N903 527 g/mol 

Example 120 

Preparation of (6-f (2- (r4-(2,4-dichlorophenvl>-5-imidazol-2-ylpvrimidin-2- 
vl1anmio|ethvl)amino1-3-nitro(2-pvridvl)>(methvlsidfonvnanune 



10 



1. Preparation of (6-chloro-3-nitroC2-pvridyl))(methvlsulfonvl)amine 

(6-chloro-3-nitro(2-pyridyl))(methylsulfonyl)amine was prepared ftom 2-amino-3- 
nitro-6-chloropyridine and methane sulphonyl chloride in accordance with the procedure 
described above for the preparation of N-(6-chloro-3-nitro-2-pyridyl)acetamide. . 
15 HPLC: 8.08 min (90% pure) 

MS: MH+= 25 1 .9 C6H6C1N304S 25 1 g/mol 

2. Preparation of (6-r(2-{r4-(2,4-dichlorophenvl)-5-imidazol-2-ylpvrimidin-2- 
yllamjno>ethvl')aminol-3-nitro(2-pvridvl)>(methvlsulfonynamine 

{6-[(2- { [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino} ethyl)- 
20 anuno]-3-nitro(2-pyridyl)}(methylsulfonyl)amine was prepared from [4-(2,4- 
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylethylamine and (6-chloro^3-nitro(2- 
pyridyl))(methylsulfonyl)amine in accordance with the procedure described above for the 
preparation of [4-(2,4-dichlorophettyl)-5-imida2ol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5- 
nitro(2-pyridyl))amino]ethyl} amine. 
25 HPLC: 1 0.8 min (85% pure) 

MS: MH+= 564 C21H19C12N904S 563g/mol 

Example 121 

Preparation of l6-r(2-(r4-(2.,4-dichlorophenyl)-5-imidazolvlpvrimidin-2r 
vnaminol ethvnamino1-3-nitro(2-pvridvl)| (methvlsulfonyl) aininR 

30 

{6-[(2- {[4-(2,4-dicWorophenyl)-5-iimda2olylpyrimidin-2-yl]amino}ethyl)amino]- 
3-nitro(2-pyridyl)}(methylsulfonyl)amine was prepared from [4-(2,4-didilorophenyl)-5- 
imidazol-1 -ylpyrimidin-2-ylethylamine and (6-chloro-3-mtro(2-pyridyl))(methylsulfonyl)- 
amine in accordance with the procedure described above for the preparation of [4-(2,4- 

35 dicMorophenyl)-5-imida2ol-2-ylpyriinidin-2-yl]{2-[(6-methoxy-5-mtro(2-pyridyl))ainino]- 
ethyl}amine. 
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HPLC: 1 1.1 min (85% pure) 

MS: MH+= 564 C21H19C12N904S 563g/mol 

Example 122 

Preparation of (2-(6-r(2-(f4-(2.4-dicMorophenvl)-5-iimdazol-2-ylpyri^ 
5 yllamino) etfayl)aminol-3>mtro(2-pyridvloxy)> ethyDdimethylamine 

1 , Preparation of r2-(6-cMoro-3-mtro(2-pyridyloxv))ethyI1dimetfayla3iun 

[2-(6-cWoro-3-nitro(2-p3aidyloxy))ethyl]dimethylainine was prepared from 2,2- 
, dimethylaminoethanol in accordance to the procedure described above for the preparation 
10 of 6"Chloro-2-methoxy-3 -nitro-pyridine. 
HPLC: 4.9 min (65% pure) 
MS: MH4- 246.1 C9H12C1N303 245g/mol 

2. Preparation of (2-(6-r(2-(r4-(2,4-dicMorophenylV5-inudazol-2-ylpyrimidin-2- 
yllamino|ethyl)aminoV3-nitro(2-pyridyloxy)>ethyl)dimethylainine 

15 (2-{6-[(2-{[4-(254-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino}et^^ 

amino]-3-iiitro(2-pyridyloxy)}ethyl)dimethylamine was prepared from [4-(2,4-dichloro- 
phenyl)-5-imidazol-2-ylpyrimidin-2-ylethylamine and [2-(6-chloro-3-nitro(2-pyridyloxy))- 
ethyljdimethylamine in accordance with the procedure described above for the preparation 
of [4-(254-dicWorophenyl)-5-iinidazol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5-mtr^ 

20 pyridyl))ainino]ethyl}amine. 
HPLC: 8.5 min (85% pure) 
MS: MH+= 558.3 C24H25Ca2N903 557.1g/mol 

Example 123 

Preparation of (2-{6-r(2-{r4-(2,4-dicMorophenvl)"5"in[iidazolylpyriinidin'-2> 
25 yl1amino>ethvl)amino1-3-nitro(2-pyridyloxy)>ethyl)dimethvlaiiune 

(2-{6-[(2-{[4-(2,4-dicWorophenyl)-5-inudazolylpyrinudin-2-yl]amino}^^ 
amino]-3-nitro(2-pyridyloxy)}ethyl)dimethylaiiiine was prepared from [4-(2,4- 
dichlorophenyl)-5-imidazol-l-ylpyrimidin-2-ylethylamine and [2-(6-chloro-3-mtro(2- 
30 pyridyloxy))ethyl]dimethylamine in accordance witih the procedure descnhed above for the 
preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5- 
nitro(2-pyridyl))amino]ethyl} amine* 
HPLC: 8.3 min (85% pure) 
MS: MH+= 558.3 C24H25C12N903 557.1g/mol 
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Example 124 

Preparation of (lZVl-aza"2-(6-chloro(3-pvridYl)Vl>me1hoxvprop-l-ene 

To a solution of 5-(2-chloropyidinyl)oxime methyl ether (540 mg, 3.2 mmole) in 
5 acetomtrile(9ml), ethylene diamine (2.8 ml, 42 mmole) was added. The reaction mixture 
was stirred at 85^c overnight , concentrated under vacuo. The crude product was dissolved 
in aqueous sodium hydro^de (IM, 15ml) and extracted with ethyl acetate and a mixture of 
acetonitrile/mefhanol (10:1 ). The organic extract was dried with sodium sulfate to give 
(lZ)-l-aza-2-(6-chloro(3-pyridyl))-l-methoxyprop-l-ene as an yellow oil (547 mg, 75%). 
10 HPLC: 1 .8 min (75% pure) 

MS: MH+= 195.1 C9H14N40 194.1g/mol 

Example 125 

Preparation of r2-(r5-(nzV2-aza-2-methoxy-l--meflivlvinvl)f2-pyridyl)1amino 
(2,4-dicMorophenvl)-5-imidazolylpyrimidin-2-yl1amine 

15 • 

(2-{[5-((lZ)-2"aza-2-methoxy-l-methylvinyl)(2-pyridyl)]anuno}ethy^ 
dichlorophenyl)-5-imidazolylpyrinudin-2-yl]amine was prepared fix>m the guanidine 
(which was made from [2-(6-chloro-3-nitro(2-pyridyloxy))ethyl]dimethylamine and the 
conresponding eneaminone). 
20 HPLC: 9.3 min (85% pure) 

MS: MH+= 483.2 C22H20C12N8O 482g/mol 

Example 126 

Preparation of (2-r(6-amino-5-nitro(2-pvridyn)aminolethvlU4-(2.4-dicmorophenv^ 

imidazolvlpyrimidin-2-yllamine 

25 

{2-[(6-ainino-5-nitro(2"pyridyl))amino]ethyl}[4-(2,4-di(Morophenyl)^ 
pyrimidin-2-yl]amine was prepared from [4-(2,4-dichlorophenyl)-5-imida2ol-l- 
ylpyrimidin-2-ylethylamine and 2-chloro-5- nitro-6-aminopyridine -in accordance with the 
procedure described above for the preparation of t4-(2,4-dichlorophenyl)-5-imidazol-2- 
30 ylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl}ainine. 
HPLC [Method AZ-S], 6. 1 5 min (1 00%) 
MS (m+H/z), 486. 

Example 127 

Preparation of 6-r(2-(r4-(2.4-dichlorophenylV5-imidazolylpvrimidin"2- 
35 yllamino i ethyl)aminolpyridine-3-carbonitrile 
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6-[(2- {[4-(2,4-dichlorophenyl)-5-imidazolylpyriim 
pjnidine-S^carbonitrile was prepared from [4-(2,4-dichlorophenyl)-5-iinidazolylpyriinidin- 
2-ylethylaniine and 2-chloro-5-cyanopyridine in accordance with the procedure described 
above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(^ 
5 methoxy-5-nitro(2-pyridyl))ainino]ethyl} amine, 
HPLC [Method AZ-S], 5.94 min (100%) ; 
MS (m+H/z), 451. 

Example 128 

Preparation of r4-(2,4-dichlorophenyl)-5-iniidazolylpyrimidin-2-yl1 1 2-r(5>methyl(7a- 
10 hydro- 1 ,2,4-triazolor 1 ,5-a1pyrimidin-7-yl))amino1ethyl> anmie 

[4-(2,4-dichlorophenyl)-5-imida2olylpyrimidin-2-yl] {2-[(5-rriethyl(7a-hydro-l ,2,4- . 
tria2olo[l,5-a]pyrimidin-7-yl))amino]ethyl} amine was prepared from [4-(2,4- 
dichlorophenyl)-5-imidazol* 1 -ylpyrimidin-2-ylefhylamine and 7-methyl-9-chloro- 1 ^,4- 
15 triazolo(l,5-a)pynmidine in accordance with the procedure described above for the 
preparation of [4-(2,4-dichlorophenyl)-5"inudazol-2-ylpyrinudin-2-yl]{2-[(6^ 
iiitro(2-pyridyl))amino]ethyl}amine. 
HPLC [Method AZ-S], 5.80 min (70%) ; 
MS (m+H/z), 481. 

20 Example 129 

Preparation of r4-(2,4-dichlorophenyl)-5-inaida2olvlpvriinidin-2"Vl1 (2-r(S- 
trifluorometfayl(2-pyridyl))amino1ethyl>amine 

[4-(2,4-dichlorophenyl)-5-iniidazolylpyrimidin-2-yl] {2-[(5-trifluoromethyl(2- 
25 pyridyl))amino]ethyl} amine was prepared from [4-(254-dichlorophenyl)-5-in[iidazoH- 
ylpyrimidin-2-ylethylamine and 2-chloro-5-trifluoromethylpyridine in accordance with the 
procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyrimidin-2-yl]{2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl}amine, 
HPLC [Method AZ-S], 7.62 min (60%).; 
30 MS (m+H/z), 494. 

Example 130 

Preparation of 4"(2>4-^cMorophenvl)-5-imida2olylpyrinndin-2>vl1(2-r(S-mtro(l,3"t^ 

2-vl))aminolethyU amine 

35 4-(2,4-dichlorophenyl)-5-imidazolylpyriniidin-2-yl] {2-[(5-nitro(l ,3-thiazol-2-yl))- 

andno]ethyl} amine was prepared from [4--(2,4-dichlorophenyl)-5-imidazol-l-ylpyrimidin- 
2-ylethylamine and 2-chloro-5-nitro-thiazole in accordance with the procedxire described 
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above for the preparation of [4-(2,4-dicMorophenyl)-5-iimdazol-2-ylpyrimidm-2-y^^ {2-[(6- 
methoxy-5-nitro(2-pyridyl))aniino]ethyl} amine. 
HPLC [Method AZ-S], 7.14 min (100%) ; 
MS (m+H/z), 477. 

5 . Example 131 

Preparation of r4-(2,4-dicMorophenvlV5-iinida2olylpvrimidin-2-vl1(2-r(6- 
chloropvrimidin-4 -vDaminolethvU amine 

[4-(2,4-dichlorophenyl)-5-imidazolylpyrin[udin-2-yl]{2-[(6-chloropyrm 
10 amino]ethyl} amine was prepared from [4-(2,4-dicWorophenyl)-5-inudazol-l-ylpyriinidin- 

2-ylethylamine and 4,6-dichloropyrimidine in accordance with the procedure described 

above for the preparation of [4-(2,4-dicldorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(6- 

methoxy-5-nitro(2-pyridyl))aniino]ethyl} amine. 

HPLC [Method AZ-S], 7.43 min (80%); 
15 MS (m+H/z), 461. - ^' 

Example 132 

Preparation of r4-(2,4-dicMorophenvl)-5'imida2olvlpyriniidin-2-ylU2-r(6- 
chlorobenzothiazo l-2"yl)anaino1ethvll amine 

20 [4-(2,4-dichlorophenyl)-5-inMdazolylpyrinddin-2-yl]{2-[(6-chloroba^ 1-2- 

yl)amino]ethyl} amine was prepared from [4-(2,4-dichlorophenyl)-5-imddazol-l- 
ylpyrimidin-2-ylethylamine and 2,6-dichloFobenzothiazole in accordance with the 
procedure desoibed above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyrunidin-2-yl]{2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl}anM^ 

25 HPLC [Method AZ-S], 8.23 min (100%) ; 
MS (m+H/z), 516. 

Example 133 

Preparation of r4-(2.4-dichlorophenvl)-5-imidazolylpvrimidin-2-vn |2-rf 3-nitrof2- 

thienyl))amino1ethvU amine 

30 

[4-(2,4-dicWorophenyl)-5-inMdazolylpyrimidin-2-yl]{2-[(3-nitro(2-thienyl))am 
ethyl} amine was prepared from [4-(2,4-dichlorophenyl)-5-imida2oH-ylpyrinaidin-2- 
ylethylamine and 2-chloro-3-nitrothiophene in accordance with the procedure described 
above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(6- 
35 methoxy-5-nitro(2-pyridyl))amino]ethyl} amine. 
HPLC [Method AZ-S], 9.50 min (75%) ; 
MS (m+H/z), 495. 
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Example 134 

Preparation of 4-amino-2-r(2- 1 f 4-(2,4-dicMorophenyl)-S-iimda2olylpvrinudin-2- 
yllaminoleth vl)aiDino1pyrimidine-5-carbomtrile 

5 4-armno-2-[(2-{[4-(2,4-dicMorophenyl)-5-imidazolylpyri^ 

axnino]pyrixmdme-S-carbomtrile was prepared from [4-(2,4-dicUorophenyl)-5-mudazol-l- 
ylpyrimidin-2-ylethylamme and 2-cUoro-4-ainmo-5-cyanopyrimidme in accordance with 
fhe procediire described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyrimidin-2-yl] {2-[(6-mefhoxy-5-nitro(2-pyridyl))amino]efhyl}anxine. 
10 HPLC [Method AZ-S], 6.00 min (70%) ; 
MS (m+H/z), 467. 

Example 135 

Preparation of {2-r(6-amino-S-nitro(2-pyridyl))anuno1ethyl>r6-(2,4-dichlorophenyl)-5- 

nitro(2-pvridyD1amine 

n 

15 o 

1 ■ Preparation of 2-(2,4-dichlorophenytt-6-chloro-3-nitropyridine 

1 mmol 2,6-dichloro-3-nitropyridine, 1.05 mmol of 2,4-dichlorobenzeneboronic 
acid, and 3 mmol of Na2C03, were dissolved in 1.5 ml THF and 0.5 nal water and purged 
with nitrogen. 0.05 mmol of [l,r-Bis(diphenylphosphino)-ferrocene]dichloro- 

20 palladiumCD) was added to reaction and stirred at room temp^ture under nitrogra for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water, 
and ethyl acetate. The solution was extracted three times with ethyl acetate, dried over 
sodium sulfate, and purified by column chromatography eluting with 10% ethylacetate 
90% hexanes to obtain 2-(2,4-dichlorophenyl)-6-chloro-3-nitropyridine. 

25 2, Preparation of (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine 

1 nmiol of 2-anmio-6-chloro-3-nitropyridine and 15 mmol of 1,2-diaminoethane 
were stirred at reflux for fourtem hours. The reaction mixture was concentrated in vacuo 
and solution of 1.5 mmol of NaOH in water was added. This solution was extracted twice 
with 95%/ 5%. methylene chloride/ methanol. The aqueous was then saturated with salt and 

30 extracted twice with 95%/ 5% acetonitrile/ methanol and then finally extrated twice with 
95%/ 5% ethylacetate/ methanol. All organic firactions were combined and dried over 
sodium sulfate to obtain (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))anaine, 
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3, Preparation of l2-r(6-amino-5-m1rof2-pvridvl))amino1et^^^ 
mtro(2-pyridyl)1atiiine 

1 tnmol of 2-(2,4-(Hchlorophenyl)-6"cUoro-3-nitropyridiae was taken with 2 mmol 
of (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))aiiune and 3 imnol of N,N- 
5 diisopropylethylamine in 2 ml of DMF at SO^'C for two hours. The reaction mixture was 
concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted 
three times with ethyl acetate, dried over sodium sulfate, and purified by column 
chromatography eluting with 5-10% methanol/methylene chloride to obtain {2-[(6-amino- 
5-mtro(2-pyridyl))ammo]ethyl} [6-(2,4-dichlorophenyl)-5-nitro(2-pyridyl)]arnine. 
10 HPLC: 8.698min. (100% purity) 
MS: MH"'= 464.1 

Example 136 

Preparation of 6-r2-( (2>r(6-amino-5>mtro(2-pvridvmaniino1etfaynainino)-4-(2^^^^ 
dichlorophenyl)pvrimidin-5-ylV3-pyrrolinor3,4-b1pvridine-5,7-dione 




Ki n 



15 

1 . Preparation of 2>r2>(2,4-dichlorophenylV2-oxoethyl1isoindoline-13-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 nmaol of CS2CO3 in DMF at room temperature for fourteen hours and 
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2- 
20 oxoethyl]isoindoline-l,3-dione. 

2. Preparation of 2-|2^(2.4-dichlorophenvlVl-^(d^nethylamino>methvlenel-2- 
oxoethyUisoindoline- 1 ^S-dione 

1 nunol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dion was heated to 
80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction mixture 
25 was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4- 
dichlorophenyl)-l-[(dimethylarnino)methylene]-2-oxoethyl}isoindoline-l,3-dione. 

3. Preparation of 2-m42-(|24(6-ainino-5-nitro(2-pyridvl))amino1ethvl)aniino)-4-f2,4- 
dichlorophenyl)pyrimidin-5-yncarbamoyl)ben2oic acid 

1 mmol of 2-{2-(2,4-dichlorophenyl)-l-[(dimethylammo)methylene]-2-oxoethyl}- 
30 isoindoline-l,3-dione, 1 nmiol of amino {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}- 
carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with wat«r and 
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ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate to obtain of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))ainino]ethyl}amino)- 
4-(2,4-dichlorophaiyl)pyrimidin-5-yl]carbamoyl}benzoic acid. 

4. Preparation of 2-r2-((2-r(6-amino-5-mtrof2-i3vridvl))aniino1ethvUamino)-4-(2,^ 
5 dichlorophenvl)pyrimidin-5"vl1isoindoline- 1 ,3-dione 

1 mmol of 2-{N-[2-({2-[(6-amino-5"nitr<>(2-pyridyl))amino]ethyl}amino) - 
didilorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120^C in acetic acid 
for four hoursand then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- " \' 
pyridyl))amino]ethyl} amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]isoindoline- 1 ,3-dione. 

10 5, Preparation of r5-aDiino-4-(2,4-dicMorophenvl)pyrimidin-2-yll(2-r(6-amino-5-^ 

Pvridvl))amino1ethyl > amine 

1 mmol of 2-[2-({2-[(6-anndno-5-iiitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- ^ ^ 

dichlorophenyl)pyrimidin-5-yl]isoindoline-l,3-dione and 20 mmol of hydrazine were 

stirred in ethanol at 75^C for two hours and then purified by coltmin chromatography 
15 eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4- 

dicWorophenyl)pyrimidin-2-yl]{2-[(6-ainino-5-nitro(2-pyridyl))aniino]efe^ 

6. Preparation of 6-r2-((2-r(6-amino-5-nitro(2"pyridvl))aminoletfayUamino)-4-(2,4- 

dichlorophenyl)pyriniidin--5-yll-3-pyrrolinor3,4"b1pvridine-5,7-dione 

1 mmol of [5-amino-4-(2,4-dicWorophenyl)p3nimidin-2-yl]{2-[(6-anuno-5-mtro(2-- 
20 pyridyl))amino]ethyl} amine, and 2 mmol of furano[3,4-b]pyridine-5,7-dione were stirred 

at room temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N- 

diisopropylethylanMne were added to solution and left for six hoiurs at room temperature. 

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 

The solution was extracted three times with ethyl acetate, dried over sodium sul&te, and ^ 
25 purified by colxiinn chromatography eluting with 5-10% methanol/methylene chloride to 

obtain 6-[2-({24(6-aniino-5-iutro(2-pyridyl))amino]ethyl}aiiiino)-4-(2,4-^^ 

pyrimidin-5-yl]-3-pyrrolino[3,4-b]pyridine-5,7-dione. 

HPLC: 7.829min. (97.32% purity) 

MS: MH^= 566.0 
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Example 137 

Preparation of r6-f2.4-dichlorophenvl)-5-imida2ol-2-yl(2-pvridvm r2-r(5-mtro( 2- 

pyridyl))aminolethyl>aimne 



1. Preparation of l-(2.4-dichlorophepvlV2-imidazol-2-vlethan-l-one. 

The preparation of the material l-(2,4-dichloroph«ayl)-2-imidazol-2-ylethan-l-one 
can be found in the precedures for the preparation of [4-(2,4-dicliloix)phenyl)-5-inudazol-2- 
ylpyiimidin-2-yl] {2-[(5-nitix)(2.pyridyl))amino]etiiyl} amine. 

2. Preparation of 2-(2-aminoethylamino)-5-nitropvridine. 

• The prq>aratiQn of the material 6-[(2-aminoethyl)amino]pyridine with various 
substitutents on the pyridine can be found in the precedures for the preparation of [4-(2,4- 

dicMorophenyl)-5-imida2ol-2-ylpyrimidin-2-yl]{2-[(5-nitiro(2-pyridyl))amino]e&yl}amine^ 
Example 74, and its analogues. 

3. Preparation of methyl 2-phepylthiopropanoate. 

A solution of methyl-2-bromopropionate (6.13 M) in abs. ethanol (25 ml) was 
added slowly (~1 h) to a stirred solution of thiophenol (107 M), KOH (107 M) in abs. 
e&anol (90 ml) at room temperature. After 12 h, the reaction was filtered and stripped of 
solvait under reduced pressure. The resulting slurry was partitioned with water (150 ml) 
and ether (100 ml). The aqueous layer was extracted with efher (3 x 100 ml). The 
combined organic layers were washed with 1 M NaOH (2 x 50 ml), water (2 x 50 ml), 
brine (100 ml), dried with Mg2S04, filtered, and concentrated under reduced pressure. 
Drying in vacuo for 2-3 hours results in methyl 2-phenyltiiiopropanoate as a clear oil in 
90% yield and >99% purity, (see analogous procedure in Warren, S.; eL al. J. Chem. Soc. 
Per/an Trans;. I19S6y 1939-1945.) 

4. Preparation of methyl 2-(phenvlsulfinvl)propanoate. 

A solution of mCPBA (57-86% active) in dry ether (200 ml, -0.25 g per ml) was 
added dropwise to a stirred solution of methyl 2-phenylthiopropanoate (0.34 M) in dry 
ether (400 ml) at 0 °C. The reaction was followed by TLC eluting with 10% ethyl acetate 
in hexane. After all of the starting material had heea consumed, the reaction was 
concentrated under reduced pressure. The residue was dissolved in ether (150 ml) and 
dichloromethane (400 ml). The organics were washed with 1 M Na2S203 (2 x 80 ml), sat. 
aq. NazCOa (4 x 100 ml), brine (100 ml), and dried with Na2S04. After removing the 




N^,NH 
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volatile organics, of methyl 2-(phenylsulfinyl)propanoate was obtained in 99% yield and 
99% purity! 

5, Preparation of methyl 2-phenvlthioprop-2-enoate. 

A mixture of methyl 2-(phenylsulfinyl)propanoate (0*17 M) in dichloromethane 
(800 ml), acetic anhydride (20 ml), and methanesulfonic acid (1.5 ml) were heated at 40 "^C 
for 18 h. The reaction was concentrated under reduced pressure in a water bath that was 
held at a constant 35 °C. The residue was partitioned with water (200 ml) and ether (100 
ml). The aqueous layer was extracted with ether (3 x 50 ml). The combined organic layers 
were washed with water (50 mi), sat. aq. NasCOa (3 x 30 ml), brine (30 ml), and dried with 
MgS04. After filtration, the product was stripped of solvent under reduced pressure at <35 
**C. The product was purified by eluting through a short column of silica gel using a 10% 
ethyl acetate in hexane nuxture as eluent Upon concentration, methyl 2-phenylthioprop-2-' 
enoate was isolated in 50% yield. 

6> Preparation of metfiyl 5-(2,4-dichlorophenyl)-4-injdda2ol-2-yl-5-oxo-2- 
phenylthiopentanoate. 

A solution (1 M) of afer/-butoxide in tert-huiBxiol (54.9 ml) was added to a stirred 
solution of l-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-l-one (0.11 M) and methyl 2- 
phenylfhioprop-2-enoate (0.14 M) dissolved in dichloromethane (300 ml) and methanol 
(200 ml) at room traiperature. The reaction, which developed a dark color, was typically 
stirred overnight (ca. 16 h) under argon. The reaction was monitored by TLC using 5% 
methanol in dichloromethane as the solvent system. Additional methyl 2-phenylthioprop- 
2-enoate was added as needed to consume all of the starting l-(2,4-dichlorophenyl)-2- 
imidazol-2-ylethan-l-one. The reaction was quenched by flie addition of sat aq. NH4CI 
(-100 ml). The mixture was transfmred to a separatoiy funnel and diluted with ethyl 
acetate (300 ml). The aqueous layer was removed and the organic layer was washed with 
sat aq. NH4CI (3 x 100 ml), brine (100 ml), and dried with Na2S04. After filtration and 
evaporation, the residue was purified by flash chromatography over silica gel. The column 
was eluted starting with 100% dichloromethane to remove the non-polar methyl 2- 
phenylthioprop-2-enoate. The product was eluted with 3% methanol in dichloromethane. 
After drying overnight in vacuo, methyl 5-(2,4-dichlorophenyl)-4-imidazol-2-yl-5-oxo-2- 
phenylthiopentanoate as a deep red glass was obtained in 71% yield. A fiirther 10% yield 
of product could be obtained by resubmitting side product contaminated firactions to a 
second purification by flash chromatography. 

7. Preparation of 6-(2.4^ichlorophenvl)-5-iinidazol-2-vl-3-'Phenvlthio- 1,3.4- 
trihvdropyridin-2-one. 

A solution was made of methyl 5-(2,4-dichlorophenyl)-4-imidazol-2-yl-5-oxo-2- 
phenylthiopentanoate (0.33 N4), gla. acetic acid (21 ml), abs. efhanol (63 ml), toluene (21 
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ml) by healing the mixture to 90 °C. To the stirred solution, NH4OAC (1.97. M) and 4A 
molecular sieves (15 g) were added. After 24 h of heating, another portion of both 
NH4OAC (1.97 M) and 4A molecular sieves (15 g) were added. After 48 h, the reaction 
had come to completion as determined by HPLC. The reaction is diluted with ethyl acetate 
5 (500 ml), filtered, and washed with sat. aq. NaHCOa (4 x 250 ml) and brine (200 ml). The 
organic layer was dried with Na2S04 and concentrated imder reduced pressure. The 
residue was redissolved in EtOAc and concentrated imder reduced pressure. The residue 
was taken up in a minimal amount of EtOAc to precipitate the product The remaining 
product could be purified by flash chromatography over silica gel. The column was eluted 
10 using 100% ethyl acetate. Afta- concentration, the product was dried in vacuo^ The 
product 6-(2,4-dicMorophenyl)-5-imida2ol-2-yl-3-phenyltMo-l,3,4-trihydropyri 
obtained from both precipitation and chromatography gave a tan solid in 89% yield. 

8. Preparation of 6-(2,4"dichlorophenyl)'5"in[iidazol-2"Vlhvdropvridin"2--one. 

Dichloromethane (-150 ml) was added carefidly so as not to cause precipitation to 
15 a solution of 6<2,4-dicMorophenyl)-5-imidazol-2-yl-3-phenylthio-l,3,4-trihydropyri 

one (0.17 M) in THF (40 ml). A solution of mCPBA (2.85 g, -16.5 mmol; 65-85% active) 
in dichloromethane (50 mg per 1 ml) is added dropwise to the stirred solution of 
phenylthiol above at -20** C. After adding approximately 1 equivalent of oxidant, the 
reaction was allowed to warm to room temperature. Additional mCPB A is titrated into the 
20 reaction untfl all of the starting material is gone as judged by TLC eluting in 5% MeOH in 
dichloromethane (Rf of the product is --O.l). As the reaction nears completion,, the 
elimination product starts to precipitate out of solution as a gum. Upon completion^ the 
reaction is stirred for an additional 30 min. Triethylamine (4 ml; 2 eq. based on mCPBA) 
is added to the reaction which causes the reaction to go completely clear for approximately 
25 1 min. followed by nearly complete precipitation of the product as an off-white solid. The 
solid is filtered and washed with dichloromethane (3 x 30 ml). The product was dried in 
vacuo resulting in of 6-(2,4-dichlorophenyl)-5-imidazol-2-ylhydropyridin-2-one in 93% 
yield. 

9. Preparation of 6-(2.4-dichlorophenvl)-5-n-r(trifluoromethvl)sulfonvl1iniidazol>2>vlK2- 
30 pyridyl (trifluoromethvl)sulfonate. 

Trifluoromethanesulfonic anhydride (1.61 ml, 9.78 mmol) was added to a stirred 
suspension of 6-(2,4-dichlorophenyl)-5-imida2ol-2-ylhydropyridin-2-one (500 mg, 1.63 
mmol) in pyridine (10 ml) at -10° C. After 30 min., the reaction was allowed to warm to 
room temperature. Stirring continued \mtil all of the solid starting material had been 
35. dissolved and reacted as determined by HPLC. The reaction was diluted with 
dichloromethane (500 ml) and washed sequentially with sat aq. NaHCOs (3 x 100 ml), 
water (2 x 100 ml), sat. aq. NaHCOa (100 ml), brine, dried with Na2S04, filtered and 
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concentrated xmder reduced pressure. The residue was purified over a short column of 
silica gel eluting with 25% ethyl acetate in hexanes to remove the non-polar product firom 
baseline material. After removing the solvents and drying in vacuo, the product 6-(2,4- 
dicWorophenyl)-5-{l-[(trifluoromethyl)sulfonyl]imidazol-2-yl}-2-pyridyl (trifluoro- 
5 methyl)sulfonate was obtained as a slightly yellow clear glass weighting 874 mg in 95% 
yield. , 

10, Preparation of r6-(2,4-dicMorDphenvl)-5-imidazol-2-vl(2-pvridvnU2-r(5-nitro(^^ 
pyridyl))anaino1ethyl> amine. 

A suspension of (2-'aminoethyl)(5-nitro(2-pyridyl))aniine (255 mg, 1.40 mmol) in 

10 JV;iV-dimethylacetandde (3 ml) containing dry powdered 4A molecular sieves (50 mg) was 
added to a suspension of 6-(2,4-dichlorophenyl)-5"{l-[(trifluoromethyl)sulfonyl]imidazol- 
2-yl}-2-pyridyl (trifluorometiiyl)sulfonate (200 mg, 035 mmol) in A^, A^-dimethylacetamide 
(3 ml) containing dry powdered 4A molecular sieves (50 nag). A&en: stirring at 40° C for 
24 h, ethylenediamine (0.5 ml) and water (0.5 ml) were added to the reaction to hydrolyze 

15 the one remaining triflate firom the product The reaction was stirred at 85 ®C for 2 h and 
left at room temperature for 12 h. The reaction was then diluted with ethyl acetate (100 
ml), filtered, extracted with sat. aq. NaHCOa (6 x 30 ml), brine (30 ml), dried with Na2S04, 
filtered, and concentrated under reduced pressure. The product [6-(2,4-dichlorophmyl)-5- 
iniida2X>l-2-yl(2-pyridyl)]{2-[(5-nitro(2-pyridyl))amino]efhyl}a^ (79859) was obtained 

20 as a yellow glass weighing 143 mg in 85% yield. 
HPLC: 22. 1 min (>95% purity) 
MS: M+H = 470.2 (C21H17CI2N7O2+H = 470) 

Example 138 

Preparation of give r4-(2,4-dichlorophenyn-2>({2-r(5-nitro(2- 
25 . pyridyl))anMnolethyl>amino)pyrimidin-5-yllmethan-l-ol 

To a stirred solution of a suspension of 2.13 g (4.68 mmol) ethyl 4-(2,4-dichloro- 
phrayl)-2-( {2-[(tert-butoxy)caibonylamino]ethyl}amino)pyrimidine-5-carboxylate in 10 
mL THF at room temperature under nitrogen was added 25 mL of DIBAL-H (1 M in THF, 

30 25.0 mmol) dropwise. During this addition the suspension gradually turned into a 
homogenous yellow solution. After 1 h the resulting solution was heated to 70°C for an 
additional 7 h. The reaction was then cooled and the reaction was quenched by the 
addition of Rochelle's salt. The resulting suspension was partitioned between methylene 
chloride and water. The aqueous layer was extracted twice with methylene chloride and 

35 the combined organic layers washed with brine and dried with sodium sulfate. 
Concentration gave 2.05 g of a yellow foam. Chromatography on silica gel (110 g) using 
5% methanol/ether as eluent gave 430 mg (22%) of N-(2-{[4-(2,4-dichlorophenyl)-5- 
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#) 



(hydroxymethyl)pyiimidin-2-yl]amino}ethyl)(^^ - as a colorless 

foam. 

HPLC [Method AZ-S], 9,42 min (100%); MS (m+H/z), 413. 

N-(2- {[4-(2,4-dicUorophenyl)-5-(hydroxymethyl)pyrimi^ etbyl)(tert- 
5 butoxy)carboxainide (372 mg, 0.90 mmol) was dissolved in 2 mL of anhdyrous 
trifluoroacetic acid and stirred at room temperature for 2 h. Evaporation of the solvent 
afforded {2-[(2-aminoethyl)aniino]-4-(2,4-dichlorophenyl)pyrimidin-5--yl}methan-l-ol, as 
its trifluoracetate salt, in quantitative yield. 

{2-[(2-aminoethyl)anuno]-4-(2,4-dichlorophenyl)pyrimidin-5'^yl}met^ 1 -ol was 
10 dissolved in 3 mL of anhydrous THF and 1.47 g (4.50 mmol) of anhydrous cesium 
carbonate was added. 2-chloro-5-nitro-6-aminopyridine (143 mg, 0.9 nmiol) was added in 
' one portion and the yellow suspension heated at 70°C for 18 h. The reaction mixture was 
filtered, concentrated and the residue chromatographed (silica gel, 5% me&anol/methylene 
chloride) to give [4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2- 

15 pyridyl))amino]ethyl}amino)pyriniidm-5-yl]methan-l-ol^ 216 mg (53%), as a yellow solid. 
HPLC [Method AZ-S], 6.92 min (1 00%); MS (m+H/z), 450. 

Example 139 

Preparation of r4-(2,4-dichlorophenyl)-2'-( |2-r (5"nitro(2- 
pyridyl))amino1ethvl|aniino)pvrimidin"5-vl1methan-l-ol 

20 

The process of Example 140 is repeated using 2-chloro-5-nitro-pyridine and {2-[(2- 
aminoethyl)anaino]-4-(2,4-dichlorophenyl)pyrimidin-5-yl}metiian-l-ol. Chromatography 
of the residue (silica gel, 5% methanol/methylene chloride) afforded 200 mg (51%) of [4- 
(2,4-dicMorophenyl)-2-({2-[(5-nitro(2*pyridyl))amino]efliyl}amino)pyrim^ 
25 yl]methan-l-ol as a yellow solid. 

HPLC [Method AZ-S], 7.85 min (100%); MS (m+H/z), 435. 

Example 140 

Preparation of r4-(2,4-dichlorophenyl)-5-(morpholin-4-vlmethvl)pvrinndin-2-vn(2-r^^ 

nitro(2-pyridvl))anMno1ethvl|amine 

30 

Using the method of Swem, et al., 100 mg of N-(2-{[4-(2,4-dichlorophenyl)-5- 
(hydroxymethyl)pyrimidin-2-yl]amino}ethyl)(tert-butoxy)ca^boxaInide was dissolved in 1 
mL of anhydrous methylene chloride and added to a solution of oxalyl chloride (30,7 ^iL, 
0.363 mmol) and DMSO (51.6 jiL, 0.726 mmol) which had been stirring at -78°C for 15 
35 min. The resulting solution was stirred for an additional 30 min, at which time 202 ^L 
(1.45 mmol) of triethyl antiine was added. The resulting suspension was allowed to wami 
to room temperature after 15 min and 1 mL of water was added and the layers separated. 
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The aqueous layer was extracted with methylene chloride and the combined organic layers 
dried (sodium sulfate) and concentrated to afford N-(2-{[4-(2,4-dichlorophenyl)-5- 
formylpyriniidin-2-yl]aniino}ethyl)(tert-butoxy)carboxatnide as a light yellow foam. This 
product proved to be air sensitive and was used without furdier manipulation. 
5 HPLC [Method AZ-S], 1L41 min (95%); MS (m+H/z), 411. 

N-(2- {[4-(2,4-dicUorophenyl)-5-formylpyrimidin-2-yl]amino} ethyl)(tert^ 
caiboxamide (50 mg, 0.121 nmiol) was dissolved in 5 wiL of THF, 242 |xL of sodium 
cyanoborohydride (IM in THF) and S \iL of glacial acetic acid added and the mixture was 
heated to 70°C for 18 h. Following slow addition of 1 mL of water to decompose excess 

10 reagent, the mixture was partitioned between ethyl acetate and saturated citric acid 
solution. The organic layer was discarded, and aqueous layer was carefully basified with 
sodium hydoxide to PH 9, then extracted with ethyl acetate twice. The combined organic 
layers was dried (sodium sulfate), concentrated, and purijSed by chromatography (selica 
gel, 10% methanol/methylene chloride) to afford N-(2-{[4-(2,4-dichlorophenyl)-5- 

1 5 (morpholin-4-yhnethyl)pyrimidin-2-yl]amino} ethyl)(tert-butoxy)carboxamide, 30 mg 
(52%). 

HPLC [Method AZ-S], 8.28 min (95%); MS (m+H/z), 482. 

Using the conditions described in Step 1.2 above, N-(2-{[4-(2,4-dichlorophenyl) 5- 

(moipholin'-4-ylmethyl)pyriniidin-2-yl]amino}ethyl)(tert-butoxy)carboxan^ was treated 
20 with anhydrous trifluouroacetic acid to afford (2-aminoethyl)[4-(2,4-dichlorophenyl)-5- 

(morpholin-4-ylmethyl)pyriiiiidin-2-yl]amine in near quantitative yield. 

HPLC [Method AZ-S], 3.97 min (95%); MS (m+H/z), 382. 

Using the conditions described in the previous example, (2-aminoethyl)[4-(2,4- 

dicMorophenyl)-5-(motpholin-4-ylmethyl)pyrimidin-2-yl]amine and 9.7 mg (0.061 mmol) 
25 of 2-chloro-5-nitropyridine gave [4-(2,4-dichlorophenyl)-5-(morpholin-4-ylmethyl)- 

pyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}ainine in 60% yield following 

chromatography (silica gel, 5% methanol/methylene chloride). 

HPLC [Method AZ-S], 7.43 min (100%); MS (m+H/z), 504. 

Example 141 

30 Preparation of r4-(2,4-dicMorophenvlV5-(morpholin-4-ylmethyl)pvriniidin-2-yl1 |2-r(5' 

nitro-6-aiiuno(2-pyridyl))amino1ethyl> amine 



Using the conditions described in Example 139, (2-aminoethyl)[4-(2,4- 
dichlorophenyl)-5-(moipholin-4-ylmethyl)pyrimidin-2-yl]aniine and 10.6 mg (0.061 
35 mmol) of 2-chloro-5-nitro-6-aminopyridine afforded 191 mg (60%) of [4-(2,4- 
dicWorophenyl)-5-(morpholin-4-ylmethyl)pyriniidin-2-yl]{2-[(5-mtro-6TanM^ 
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P3rridyl))ainino]ethyl} amine as a yellow solid following chromatography (silica gel, 5% 
methanol/methylene chloride). 

HPLC [Method AZ-S], 6.49 min (100%); MS (m+H/z), 519. 

Example 142 

. Preparation of r4-(2,4-dicMorophenyl)-5-(morpholin-4-vlmethvl)pvrinridm-2-vlH2-r(^ 
mtro-6-ainino(2-pvridyl))amino1ethyl> amine and related compoimds 

A suspension of 0,44 g (2.59 mmol) of 2,2,2-trifluoro-N-[2-(methylamino)- 
ethyl]acetamide (prepared according to Syn. Comm., 26:3633-3636 (1996)) and 0.38 g 
(2.59 mmol) of 1-pyrazolocarboxamidine hydrochloride in 5 n:iL anhydrous THF was 
stirred at room temperature for 3 h. Concentration of this suspension afforded a white solid 
which was found by IH NMR analysis to consist of the desired guanidine, N-[2- 
(amidinomethylamino)ethyl]-2,2,2-trifluoroacetamide hydrochloride, and pyrazole. This 
was used without further purification in the next step. 

A solution of 0.60 g (2.3 mmol) 2,4-dichloro-2-(l-imidazoyl)-ethan-l-one, 0.38 mL 
(2.82 nmiol) dimefhyformamide dimefhylacetal and 5 mL THF was refluxed for 2 h. 
Concentration afforded l-(2,4-dichlorophenyl)-2-(l-inudazoyl)-3-dimethylanMnoprop-2- 
en-l-one as a light red solid in quantitative yield. This solid was redissolved in 5 mL THF, 
1.0 g (3.06 mmol) of anhydrous cesium carbonate and the residue containing N-[2- 
(amidinomethylamino)ethyl]-2,2,2-trifluoroacetamide hydrochloride described above were 
added tod the resulting nuxture heated to 70°C for 18 h. After cooling, water was added 
and the resulting mixture extracted with methylene chloride. The aqueous layer was 
extracted with methylene chloride and the combined organics washed with brine, dried and 
concentrated to afford 1.56 g of a brown oil. Chromatography (silica gel, 5% 
methanol/methylene chloride) afforded 0.35g of the desired pyrimidine, N-(2-{[4-(2,4- 

dicWorophenyl)-5-imida2XDlylpyrimidin-2-yl]methylamino}ethyl)-2,2,2-trifluoroacetam 
as a brown solid. 

HPLC [Method AZ-S], 7.68 min (85%); MS (m+H/z), 459. 

The aforementioned pyrimidine, N-(2-{[4-(2,4-dichlorophenyl)-5-imidazolyl- 
pyrinMdin-2-yl]mefhylamino}ethyl)-2,2,2-trifluoroacetamide (114 mg, 0.25 mmol) was 
dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This 
suspension was stirred at room temperature for 1 hour. Water was added, and the solution 
extracted with methylene chloride. The aqueous layer was thoroughly extracted with 
methylene chloride and the organic layers washed witii brine, dried and concentrated to 
give the deprotected primary amine, (2-aminoefhyl)[4-(2,4-dichlorophenyl)-5- 
inudazolylpyritnidin-2-yl]methylaniine, in quantitative yield. 
HPLC [Method AZ-S], 4.43 min (90%); MS (m+H/z), 363. 
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Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4-dicUorophenyl)-5-imidazolylpyriniidin-2-yl]methylamine and 2-chloro-5- 
nitropyridine were reacted to afford [4-(2,4-dicWorophenyl)-5-imidazolylpyriniidin-2- 
yl]niethyl {2-[(5-mtro(2-pyridyl))amino]ethyl} amine (73 1 74), 
5 HPLC [Method AZ-S], 7.82 min (100%); MS (m+H/z), 485. 

Using the procedure described above, reaction of (2-aminoethyl)[4-(2,4- 
dichlorophenyl)-5-imidazolylpyrinudin-2-yl]methylamine and 2-chloro-5-nitro-6-amino- 
pyridine were reacted to afford [4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2- . 
yl]methyl {2-[(5-nitro-6-amino(2-pyridyl))anMno]ethyl} amine. 

10 HPLC [Method AZ-S], 6.73 min (100%); MS (m+H/z), 500. 

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4-didilorophenyl)-5-imidazolylpyrimidin-2-yl]methylamdne and 2-chloro-5- 
cyanopyridine were reacted to afford [4-(2,4-dichlorophrayl)-5-imidazoIylpyrimidin-2- 
yl]methyl{2-[(5-cyano(2-pyridyl))aniino]ethyl}ainine. 

15 HPLC [Method AZ-S], 6.49 min (100%); MS (m+H/z), 465. 

A solution of 0.60 g (2.3 mmol) 2,4-dichloro-2-(2-imidazoyl)-ethan-l-one, 0.38 naL 
(2.82 mmol) dimethyfomiamide dimethylacetal and 5 mL THF was refluxed for 2 h. 
Concentration afforded l-(2,4-dichlorophenyl)-2-(2-imidazoyl)-3-(dimethylamino)prop-2- 
en-l-one as a light red solid in quantitative yield. This solid was redissolved in 5 mL THF, 

20 1.0 g (3.06 mmol) of anhydrous cesium carbonate and N-[2-(amidinomethylamino)ethyl]- 
2,2,2-trifluoroacetamide hydrochloride (vide supra) were added and the resulting mixture 
heated to 70°C for 18 h. After cooling, water was added and the resulting mixture 
extracted with methylene chloride. Hie aqueous layer was extracted with methylene 
chloride and the combined organics washed witii brine, dried and concentrated to afford a 

25 brown oil. Chromatography (silica gel, 5% methanol/methylene chloride) afforded 0.30 g 
of the desired pyrimidine, N-(2-{[4-(2,4-dicUorophenyl)-5-imidazol-2-ylpyrinudin-2- 
yl]mefliylamino}ethyl)-2,2,2-trifluoroacetamide, as a brown solid. 
HPLC [Method AZ-S], 7.25 min (100%); MS (m+H/z), 459. 

The aforementioned pyrimidine, N-(2-{[4-(2,4-dichlorophenyl)-5-hnidazol-2- 

30 ylpyrinMdin-2-yl]methylanuno)ethyl)-2,2,2-trifluoroacetanaide (114 mg, 0.25 mmol) was 
dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This 
suspension was stirred at room temperature for 1 hour. Water was added, and the solution 
extracted with methylene chloride. The aqueous layer was thoroughly extracted with 
methylene chloride and the organic layers washed with brine, dried and concentrated to 

35 give the deprotected primary amine, (2-aminoethyl)[4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyrimidin-2-yl]methylanraie in quantitative yield. 
HPLC [Method AZ-S], 3.92 min (100%); MS (m+H/z), 363. 
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Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4-. 
(2,4-dicUorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]niethylainine and 2-chloro-5-cyano- 
pyridine were reacted to afford [4-(2,4-dichlorophenyl)-5-irnidazol-2-ylpyrimidin-2-yl]- 
methyl {2-[(5-cyano(2-pyridyl))amiiio]ethyl} amine, 
HPLC [Method AZ-S], 5.98 min (100%); MS (m+H/z), 465. 

Using the procedvire described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4-dichlorophenyl)-5-inudazol-2-ylpyriniidin-2-yl]methylamine and 2-chloro-5-nitro- 
pyridine were reacted to afford [4"(2,4-dichlorophenyl)-5-imida2ol-2-ylpyTimidin-2-yl]- 
methyl {2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 
HPLC [Method AZ-S], 7.31 min (100%); MS (m+H/z), 485. 

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4- 
(2,4-dicMor6phenyl)-5-iinidazol-2-ylpyrimidin-2-yi]methylamine and 2-chloro-5-nitro-6- 
aminopyridine were reacted to afford [4-(2,4-dichlorophenyl)-5-iirudazol-2-ylpyrimidin-2- 
yl]methyl {2-[(5-nitro-6-anaino(2-pyridyl))amino]ethyl} amine. 
HPLC [Method AZ-S], 5.85 min (1 00%); MS (m+H/z), 500. 

Example 143 

Preparation of (2-[4-(2,4-dicMorophenvlV5-imidazolvlpvrimidin-2-vloxvlethvl>(5-nitro(2- 

pyridyl))amine (76062) and related compounds 

A suspension of 1.50 g (4.84 mmol) l-(2,4-dichlorophenyl)-2-(l-mudazoyl)-3- 
dimethylaminoprop-2-en-l-one (prq)ared as desaibed in Step 3.1 above), 0.673 g (2.42 
mmol) of S-methylisothiourea nitrate and 2.05 g (6.29 mmol) in 30 mL of N- 
methylpyrrolidinone (NMP) was heated to SO'^C for 2 h. Water was added and the mixture 
extracted with ethyl acetate. The aqueous layer was further extracted with additional ethyl 
acetate. The combined organic layers were thoroughly washed with water, brine and dried 
with sodium sulfate. Concentration and chromatography of the residue (silica gel, 2% 
methanol/methylene chloride) afforded 800 mg (50%) of the desired pyrimidine, 4-(2,4- 
dichlorophenyl)-5-imidazolyl-2-methylthiopyrimidine. 
HPLC [Method AZ-S], 7.40 min (100%); MS (m+H/z), 337. 

4-(2,4-dichlorophenyl)-5-imidazolyl"2-methylthiDpyrimidine (219 mg, 0.65 mmol) 
was dissolved in 2 mL anhydrous methylene chloride and 590 mg (57-86%, 1.95 mmol) of 
m-chloroperoxybenzoic acid added at room temperature and stirred for 2 h. Saturated 
sodium carbonate was added and the organic layer separated and washed with 10% 
aqueous sodium sulfite. Drying (sodium sulfate) and concentration afforded 240 mg 
(100%) of 4-(2,4-dicMorophenyl)-5-inMdazolyl-2-(methylsulfonyl)pyriniidine as a yellow 
solid which was used without further purification. 
HPLC [Method AZ-S], 5.47 min (100%); MS (m+H/z), 369. 
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To a stirred suspension of 1.58 g 2-cliloro-5-nitropyridine (10.0 mmol) in 10 xnL 
acetonitrile was added 1.81 mL (30 nunol) of ethanolamine dropwise at room temperature. 
After heating at 80°C for 0.5 h, the reaction was cooled, water was added, followed by the 
addition of ether. Cooling this biphasic mixture at 5^C led to the formation of a yellow 
5 solid, which was collected and identified as 2-[(5-nitro-2-pyridyl)amino]ethan-l-ol. 
HPLC [Method AZ-S], 1 J4 min (100%); MS (m+H/z), i84. 

1.74 g 2-chloio-5-nitio-6-a3mnopyridine (10.0 mmol) was reacted at SO^C with 
1.81 mL (30 nmiol) of ethanolamine. Cooling the reaction mixture led to the formation of , . - 
a yellow solid, which was collected and identified as 2-[(6-amino-5-nitro-2- 
10 pyridyOaminolethan^-l-oL 

HPLC [Method AZ-S], 1.32 min (100%); MS (m+H/z), 199. 

1 .38 g 2-chloro-5-cyanopyridine (10.0 mmol) was reacted with 1 .8 1 mL (30 mmol) 
\ of ethanolanoine at 80^C for 0.5 h. The reaction was cooled, water was added, followed by ) 
the addition of ether. Cooling this biphasic mixture at 5''C led to flie formation of a yellow 
IS solid, which was collected and identified as 6-[(2-hydroxyethyl)ainino]pyridine-3- 
carbonitrile. 

HPLC [Method AZ-S], 1.13 min (100%); MS (m+H/z), 164. 

To a stirred solution of 37.2 mg (0.203 mmol) of 2-(5-nitro-2- 

aminop3aidyl)ethanolainine in 1 mL anydrous THF at room temperature was added 244 }iL 
20 of a IM solution of sodiiun hexamethyldisilazide (IM in toluene, 0.244 mmol). This 

solution was stirred for Ih, and a solution of 4-(2,4-dichlorophenyl)-5-imidazolyl-2- 

(methylsulfonyl)pyrimidine in 1 mL anhydrous THF was added dropwise. After stirring 

for 4 h, water was added and the reaction mixture thorou^y extracted with ethyl acetate. 

The combined organics were wa^ed with brine, dried (sodium sulfate), concentrated and 
25 chromatographed (silica gel, 5% methanol/methylene chloride) to give 15.7 mg of {2-[4- , 

(2,4-dichlorophCTyl)-5-inudazolylpyrimidin-2-yloxy]ethyl} (5-nitro(2-pyridyl))amine 

(76062) as a yellow solid. 

HPLC [Method AZ-S], 7.44 min (85%); MS (m+H/z), 472. 

As described above, {2-[4-(2,4-dichlorophenyl)-5-iinidaTOlylpyrimidin-2-yloxy]- 
30 ethyl} (5-nitro-6-anruno(2-pyridyl))a3idne (76063) was ^thesized using 4-(2,4- 
dicWorophenyl)-5-iinidazolyl-2-(methylsuIfonyl)pyriinidine and 2-(5-mtro-6-amino-2- 
pyridyl)ethanolanune to afford 24.3 mg of {2-[4-(2,4-dichloroph©tiyl)-5- 
iniidazolylpyriniidin-2-yloxy]ethyl}(5-mtro-6-amino(2-pyridyl))amine as a light yellow 
solid. 

35 HPLC [Method AZ-S], 6.47 min (90%); MS (m+H/z), 487. 

As described in above, {2-[4-(2,4-dicWorophenyl)-5-iniidazolylpyriinidin-2- 
yloxy]ethyl}(5-cyano(2-pyridyl))amine (76064) was synthesized using 4-(2,4-4ichloro- 
phenyl)-5-imidazolyl-2-(methylsulfonyl)pyrimidine and 6-[(2-hydroxyethyl)amino]- 



BNSDOCID: <WO 0220495A2J_> 



wo 02/20495 



-152- 



PCTAJSOl/42081 



pyridine-3-carbonitrile to afford 27.6 mg of {2-[4-(2,4-dichlorophenyl)-5- 
imidazolylpyrimidin-2-yloxy]ethyl}(5-cyano(2-pyri as a light yellow solid 

HPLC [Method AZ-S], 6.37 min (95%); MS (m+H/z), 452. 

Example 144 

5 Preparation of r2-(dimethvlamino^etfaoxyVN-r4-(4->cvanophenylV2-({2-r(5Tnitro(^^ 

PVridyl))amino1ethyl| amino)pvrimidin-5-vl1carboxaim 

A solution of 50 mg (0.12 mmol) of 4-(4-cyanophenyl>2-({2-[(5-nitro(2- 
pyridyl))anTino]ethyl}aniino)pyriniidine-5-carboxylic acid, 26.2 ide (0,12 nunol, DPP A), 

10 17.2 p,L of triethylamine (0.12 mmol) in 2 mL of THF was heated to 75 oC for 24 hours. 
After cooling, the solution was concentrated and the residue chromatographed (silica, 5% 
methanol/methylene chloride) to give 40.2 mg (68%) of the desired carbamate, [2- 
(dimethylamino)ethoxy]-N-[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridy 
amino]ethyl}amino)pyrimidin-5-yl]carboxamide, as a colorless solid. 

15 HPLC [Method AZ-S], 6.23 min (100%) ; MS (m+H/z), 492. 

Example 145 
Preparation of Additional Compounds 
The compounds described in detail below were synthesized using the following 
general procedures: 

20 Step A. Alleviation 

1 mmol of aryl substituted phenacyl chloride in DMF was added drop wise to 2 

mmol of amine and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours. 

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 

The solution was extracted fliree times with ethyl acetate, dried over sodium sulfate, and 
25 purified by colunm chromatography or trituration. 

Step B. Enaminone formation 

1 mmol of substrate was heated to 80°C in neat DMF -DMA for six hours. Product 
was concentrated in vacou and purified by trituration with diethyl ether. 

Step C. Pvrimidine formation 
30 Immol of substrate, Immol of guanadine, and 3 nmiol of CS2CO3 was dissolved in 

DMF and heated to 90°C for fourteen hours. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography with 
5-10% methanol in methylenechloride. 
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StepD. Cvclization to imide 

1 tnmol of substrate was heated to 120°C in acetic acid for four hours and then 
concentrated in vacuo and purified by column chromatography with 5-10% methanol in 
methylenechloride. 

5 Step E. Phthalimide cleavage 

1 mmol of substrate and 20 mmol of hydrazine were stirred in ethanol at 75°C. The . 
Ethanol was removed from the reaction mixture in vacuo and then methylene chloride was 
added the solution was filtered. The filtrate was collected and concentrated in vacuo. 

Step F, Add coupling 

10 1 mmol of substrate, 2 mmol of carboxylic acid, 2 mmol of HBTU; and 3mmol of 

Diisopropylethyl amine were stirred in THF. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography with 
5- 1 0% methanol in methylenechloride. 

15 Step G. Boc Deprotection 

1 mmol of substrate was stir in a mixture of 1 ml methylenechloride and 1 ml 
trifloroacetic add at 40 °C for 30 min. and concentrated in vacuo. 

Step H. SnAr Tail Piece 

1 mmol of substrate, 1.5 nmiol of a substituted 2-chloropyridine, and 4 nomol of 
20 Diisopropylethyl amine were stirred in 2 ml of DMF at 80 ° C for fourteen hours. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfete, and 
pvirified by column chromatography with 5-10% methanol in methylenechloride. 

Step I. Bromination 

25 20 mmol of aryl substituted acetiphenone, 1 ml cone. HCl were mixed in 20 ml 

diethyl ether at 0°C und^ nitrogen. To this solution a solution of 20 mmol Br2 in 20 ml 
chloroform was added drop wise and left for four hours and then concentrated in vacuo. 

Step J. SnAr on ketone 

1 nmiol of l-(4-fluorophenyl)-2-imidazolylethan-l-one, 0.3 nomol of an amine, and 
30 1 mmol of K2CO3 were heated at lOO^C for 14 hours. The reaction mixture was poured 
over ice, then filtered, and the solid was collected. 

StepK. Anhydride coupling 

1 mmol of substrate and 1 mmol of anhydride were stirred at room temperature for 
four hours in THF. The reaction mixture was concentrated in vacuo and diluted with water 
35 and ethyl acetate; The solution was extracted three times with ethyl acetate, dried over 
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sodium sulfate, and purified by column chromatography eluting with 5-10% 
methanol/methylene chloride. 

StepL. Suzuki Reaction 

1 mmol of a 2,6-dichloro-pyridine, 1.05 mmol of boronic acid, and 3 nunol of 
5 NaiCOa were dissolved in 1.5 ml THF and 0.5 ml water and purged with nitrogen. 0.05 
mmol of [l,r-Bis(diphenylphosphino)-ferrocne]dichloropalladium(II) was added to 
reaction and stirred at room traxperature under nitrogen for 14 hours. The reaction mixture 
was diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
acetate, dried over sodium sulfate, and purified by colvmm chromatography with 10% 
10 ethylacetate 90% hexanes. 

Step M. SnAr Reaction 

1 mmol of substrate is taken with 2 mmol of amine and 3mmol of Diisopropylethyl 
amine in 2 ml of DMF at 80 ° C for two hours. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
15 with ethyl acetate, dried over sodium sulfate, and purified by colunm chromatography 30% 
ethylacetate 70% hexanes. 

StepN. Nitro Reduction 

1 mmol of substrate was taken with an equal weight of 5% Pd-C with 20 mmol 
N2H4 and dissolved in THF. The reaction was stirred at reflux for 24 hrs and then filtered 
20 through celite and purified by column chromatography. 

StepO. Ethanol Nitro Reduction 

1 mmol of substrate was taken with an equal weight of 5% Pd-C and dissolved in 
ethanol. The reaction was placed in a Parr shaker und^ 35 PSI of hydrogen for six hours, 
then filtered through celite, and purified by colunm chromatography. 

25 Example 145-1 

Preparation of r4-(2.4-difluorophenylV5-imida2olylpvrimidin-2-vl1 (2-r(5-mtro(2- 

pyridyl))amino1ethvU amine 



30 




O 

[4-(2,4-difluorophenyl)-5-inudazolylpyrimidin-2-yl]{2-[(5-nitro(2-pyri 
ethyl} amine was made in accordance with the foregoing procedures using l-(2,4- 
difluorophenyl)-2-chloroethan-l-one and imidazole in step A, step B and amino {2-[(5- 
nitro(2-pyridyl))amino]ethyl}carboxamidine in step C. 
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HPLC: V.lSOmin. 
MS: MH'= 439.1 

Example 145-2 

Preparation of r5-imidazolyl-4-(4-methylphemyl)pyrfrmdin-2-yl1 (2-r(5-nitro(2- 

pyridvl))amino1ethyl|ainine 




O 

[5-imidazolyl-4-(4-methylphenyl)pyrimidin-2-yl] {2-[(5-mtro(2-pyridyl))arnino]-^ 
ethyl} amine was made in accordance with the foregoing procedures using 2-bromo-l-(4- 
methylphenyl)ethan-l-one and imidazole in step A, step B and anMno{2-[(5-nitro(2- 
10 pyridyl))amino]ethyl} carboxamidine in step C. 
HPLC: 7.333min. 
1^18:1^=417.2 

Example 145-3 

Preparation of r4-(2-cMorophenyl)-5-imidazolylpyrimidin'2-vl1 {2-r(S-nitro(2- 
15 pvridyl))amino1ethyl>amine . 




CI . 

6" 

[4-(2-cWorophenyl)-5-imidazolylpyrimidin-2-yl]{2-[(5-nitro(2-py^ 
ethyl} amine was made in accordance with the foregoing procedures through step I, using 
l-(2-chlorophenyl)efhan-l-one and imidazole in step A, step B and amino {2-[(5-nitro(2- 
20 pyridyl))amino]efhyl}carboxaniidine in step C. 
HPLC: 7.233min. 
MS: MH"- 437.1 
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25 



Example 145-4 

Preparation of tert-bvrtvl 4-|4-r5-imidazolvl-2-((2-r(5-mtrof2- 
Pvridvl))ammo1eflivl>ainino)pvrimidm-4-vl1phenvnpipeiminec^ 




5 tert-butyl 4-{4-[5-iimdazolyI-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ainino)- 

pyrimidin-4-yl]phenyl}piperazmecarboxylate was made in accordance with the foregoing 
procedures using 2-bromo-l-(4-fluorophenyl)ethan-l-one and imidazole in step A, step J 
using tert-butyl piperazanecarboxylate, step B and amino {2-[(5-nitro(2-pyridyl))amino]- 
etiiyl}carboxamidine in step C. 
10 HPLC: 9.670mjn. 
MS: Mir= 587.2 

Example 145-5 

Preparation of f5-imidazolvl-4-r4-(trifluoromethvl)phenvnpvrimidin-2-vU l2-r(5-nitro(2- 

pyridyl^aminolethvllamine 




15 " F 

{5-imidazolyl-4-[4-(trifluoromethyl)phenyl]pyriniidin-2-yl}{2-[(5-nitro(2- 

pyridyl))atDino]ethyl} amine was made in accordance with the foregomg procedures 

through step I using l-[4-(trifluoromethyl)phenyl]ethan-l-one, A using imidazole, B, and 

C using amino {2-[(5-mtro(2-pyridyl))amino]ethyl}carboxamidine. 
20 HPLC: 8.533min. 

MS: MH^« 471.2 

Example 145-6 

Preparation of r4-(4-ethvlphenvlV5-imidazolvlpvrimidin-2-vn l2-r(5-nitrof 2- 

pyridyl))amino1ethvl) amine 
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[4-(4-ethylphenyl)-5-imidazolylpyriinidm-2-yl^ 
ethyl} amine was made in accordance with the foregoing procedures through steps I using 
l-(4-ethylphenyl)ethan-l-one, A using imidazole, B, and C using amino {2-[(5-nitro(2- 
pyridyl))amino]ethyl}carboxaxnidine. ^ 
HPLC: 8.267min. 
MS: MH^= 431.2 

Example 145-7 

Preparation of r4-(3,S-dichloro(2-thienvl)V5-inudazolylpvrimidin-2-yl1 |2-r(5-nitro(2- 

pyridyl))amino1ethyU amine 




10 

I4-(3,5-dicWoro(2-tMenyl))-5-imidazolylpyrimidin-2-yl]{2-[(5^^ 
amino]ethyl}anmie was made in accordance with the foregoing procedvires through steps I 
using l-(3,5-dichloro-2-tliienyl)ethan-l-one, A using imidazole, B, and C using amino {2- 
[(5-nitro(2-pyridyl))amino]ethyl} carboxamidine. 
15 HPLC: 8.167min. 
MS: 1^=477.1 

Example 145-8 

Preparation of r5-imidazolyl-4-(4-pipera2inylphenyl)pyrin[iidin-2-yl1 {2-r(5-nitro(2- 

Pvridyl))amino1ethyl>amine 




20 

[5-iinidazolyl-4-(4-piperazinylphenyl)pyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))- 
amino]ethyl} amine was made in accordance with the foregoing procedures through steps A 
using 2-bromo-l«(4-fluorophenyl)ethan-l-one and imidazole, J using tert-butyl 
piperazinecarboxylate, B, C using amino {2-[(5-nitro(2-pyridyl))amino]- 
25 ethyl} carboxamidine, and G. 
HPLC: 

MS: MH^= 487.3 
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Example 145-9 

Preparation of 2-IN-r4-(2.4-dichlon)phenvl)-2-( (2-r("5-mtrof2- 
pyiidyl))amino1ethvl> ainino)pyrinudin-5-yl1caifaamoyUbeirro acid 

OH 




5 2-{N-[4-(2,4-dicMorophenyl)-2<{2-[(5-nitro(2-pyridyl))amino]ethyl}aniino)- 

pyriimdin-5-yl]carbamoyl}benzoic acid was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 
phthalimide, B, and C uang amino {2-[(5-nitro(2-pyridyl))amino]efliyl}carboxanridine. 
HPLC: 11.433min. 
10 MS: MH*= 568.1 

Example 145-10 

Preparation of 5-r5-imidazolvl-2-((2-r(5-nitrof2-pvridvmainino1ethvUamino)pvrimidin-4- 

ynthiophene-2-cafbomtrile 




15 5-[5-imidazolyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]- 

thiophene-2-carbomtrile was made in accordance with the foregoing procedures through 
steps I using 5-acetyllhiopheie-2-carbonitrile, A using imidazole, B, and C using amino {2- 
[(5-nitro(2-pyridyl))amino]ethyl) carboxamidine. 
HPLC7.517min. 

20 MS: MH*= 434.1 
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Example 145-11 

Preparation of (5-imida2olyl-4-r4-(4-methylpipera2inyl)phenvl1pvrim l2-r(5- 

mtro(2-pyridyl))amino1ethvllamine 




5 {5-imida2olyM-[4-(4-'methylpiperazinyl)phenyl]pyrimidm^ 

pyridyl))amino]ethyl} amine was made in accordance with the foregoing procedures 
through steps A using 2-bromo-l-(4-fltiorophenyl)ethan-l-one and imidazole, J using 
methylpiperazine, B, and C using amino {2-[(5-nitro(2-pyridyl))aniino]- 
ethyl} carboxamidine. 
10 HPLC: 5.417min. 
MS: MH^= 501.3 

Example 145-12 

. Preparation of r5-iimda2olyl-4-(4-piperidylphenyl)pyrimidin-2-yll {2-r(5-nitro(2- 

pyridyl))anaino1ethyl> amine 




15 

[5-imidazolyl-4-(4-piperidylphenyl)pyrimidin-2-yl]{2-[(5-m^ 
eihyl} amine was made in accordance with the foregoing procedures flirough steps A using 
2-bromo-l-(4-fluorophenyl)ethan-l-one and imidazole, J using piperidine, B, and C using 
amino{2-[(5-mtro(2-pyridyl))anMno]ethyl}carboxainidine. 
20 HPLC: 6.300min. 
MS: MH^= 486.2 
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20 
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Example 145-13 



Preparation of N-l2-r(6-amino-5-nitro(2-pvridvn)araino1ethvn-N-r4-(2.4-dicMorophenvn 
5-(3,5-dioxomorpholin-4-yl)pvrimidm-2-yl1acetamide 

CI 




N-{2-[(6-ainmo-5-nitro(2-pyridyl))ammo]ethyl}-N-[4-(2,4-dicMorophenyl>5-(3,5^ 
dioxoinorpholin-4-yl)pyriimdin-2-yl]acetainide was made in accoidance with the foregoing 
procedures through steps A using l-(2,4-didilorophenyl)-2-chloroethan-l-one and 
phthalimide, B, C using amino {2-[(6-amino-5-m1io(2- 

pyridyl))amino]ethyl}carboxamidine, D, E, and K using l,4-dioxane-2,6-dione and then an 
excess of acetic anhydride. 
HPLC: 13.117min. 
MS: MH^= 575.1 

Example 145-14 

Preparation of N-r2 -f|2-rf6-amino-5-nitrof2-pviidymamin o1eftYl}flTTiin oV4-f2.4- 
dichlorophenyl)pvrimidin-5-vllacetamide 




II 

o 



N-[2-( {2-[(6-ainino-5-mtro(2-pyridyl))aiiiino]ethyl} amino)"4-(2,4-d^ 
pyriinidin-5-yl]acetainide was made in accordance with the foregoing procedures through 
steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and phthalimide, B, C using 
amino {2-[(6-aniino-5-mtro(2-pyridyl))atnino]ethyl}carboxanudine, D, E, and K using 
acetic anhydride. 
HPLC: 10.200min. 
MS: MH^= 477.0 
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Example 145-15 

Preparation of 4-r2"({2-r(6>amino-5-mlTo(2"pvridvl))amino1ethvUamino)^ 
dicMorophenvl)pvrimidin-S-vl1morpholine"3^5-dione 




5 4-[2-( {2-[(6-amino~5-iiitro(2-pyridyl))ainino]ethyl} amino)-4-(2,4-dichlorophenyl)- 

pyriinidin-5-yl]morpholine-3,5-dione was made in accordance with the foregoing 
procedtires through steps steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 
phthalimide, B, C using amino {2-[(6-amino-5-mtro(2-pyridyl))ainino]- 
ethyl}carboxamidine, D, E, K using l,4-dioxane-2,6-dione, and F. 
10 HPLC: 9317min. 
MS: MHT"- 533,1 

Example 145-16 

Preparation of N-r2-( ( 2'r(6-aminO'5-nitro(2-pvridyl))aminolethyl) amino)-4-(2,4- 
dicMorophenyl)pvriniidin-5-vl1-2-(dimethvlaiiuno)acetamide 




15 

N-[2-( {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} anMno)-4-(2,4-dichlorophenyl)- 
pyrimidin-5-yl]-2-(dimethylamino)acetanude was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 
phthalimide, B, C using amino {2-[(6-amino-5-nitro(2- 

20 pyridyl))amino]ethyl}carboxamidine, D, E, and F using 2-(dimethylamino)acetic acid. 
HPLC: 6.567min. 
MS: MH*'= 520.2 

Example 145-17 

Preparation of 142-((2-r(6-ainino-5-nitro(2-pvridyl)')amino1ethyUamino)-4-(2.4- 
25 dichlorophenyl)pvrimidin-5-yll-3-pyrroline-2^5-dione 



BNSDOCID: <WO 0220495A2_I_> 



wo 02/20495 



-162- 



PCT/USOl/42081 



1 -[2-( {2-[(6-ammo-5-nitro(2-pyridyl))amino] ethyl } ainm 
pyrimidm-5-yl]-3-pyiToline-2,5-dione was made in accordance with the foregoing 
procedures througji steps A using l-(2,4-dichlorophenyl>2-chloroethan-l-one and 
phthalimide, B, C using aniino{2-[(6-amino-5--nitro(2-pyridyl))aniino]ethyl}- 
carboxamidine, D, E, K using malic anhydride, and F. 
HPLC: 10.083min. 
MS: MH'*'= 515.1 

Example 145-18 
Preparation of 4-r4-(2,4-dichlorophenyl)-2-({2-r(5-nitro(2- 
pyridyl))ainino1ethvUamino)pvrimidin-S-vl1morpholine--3.5--dione 

4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}am^ 
5-yl]morpholine-355-dione was made in accordance with the foregoing procedures through 
steps A using l-(2,4-dichlorophenyl)"2-chloroethan-l-one and phthalimide, B, C using 
ainino{2-[(5-iutro(2-pyridyl))amiho]ethyl}carboxamidine, D, E, K using l,4-dioxane-2,6- 
dione, and F. 
HPLC: 

MS: MH^- 518.1 

Example 145-19 

Preparation of N-r2-((2-r(6-amino-5-nitro(2-pvridvmaminolethvl> amino V4-(2.4- 
dicMorophmvl)pyriniidin-5'-yl1-4-mon)holin-4-vlbutanamide 

N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4<2,4-^^ 
pyrimidin-5-yl]-4-morpholin-4-ylbutanamide was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroefhan-l-one and 
phthalimide, B, C using aniino{2-[(6-anuno-5-nitro(2-pyridyl))- 

amino]ethyl}carboxamidine, D, E, F using 4-chlorobutanoic acid. Immol of N-[2-({2-[(6- 
amino~5-nitro(2-pyridyl))anaino]ethyl}anuno)-4-(2,4-dicUorophenyl)pyr^ 
bromobutanamide, 2 nnnol of morpholine, 3 mmol Diisopropylethyl amine, and 0.1 mmol 
of tetrabutylanunonium iodide were stirred at room temperature for fourteen hovirs. The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography with 5-10% methanol in methylenechloride. 
HPLC: 4.837min. 
MS: Mir'= 590.2 
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Example 145-20 

Preparation of l-r2-((2-r(6-aiiiinO'5-nitro(2-pyridyl))amino1etfavl>ainm 
dicMorophenyl)pvritnidin-S-yl1piperazine-2,6-dione 

5 1 -[2-({2-[(6-amino-5-nitro(2-pyridyl))ainino]ethyl} amino)-4-(2,4-dichlorophenyl)- 

pyrimidin-5-yl]piperazine-2,6-dione was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 
phthalimide, B, C using amino {2-[(6-ainino-5-nitro(2-pyridyl))aniino]ethyl}- 
carboxamidine, D, E, F using 2-[(tert-butoxy)-N-(caiboxymethyl)carbonylanaino]acetic 
10 add, and G. 

HPLC: 5.825min. 
MS: MH^= 532.2 

Example 145-21 

Preparation of tert-butyl 4-r2"((2-r(6-aininO'5-nitiX)(2-pyridyl))aniino1ethyl)amino)-4-(2.^^ 
15 dichlorophenyl)pyrimidin-5-ylV3,5-dioxopiperazinecarboxylate 




o 

tert-butyl 4-[2-({2-[(6-arQino-5-nitro(2-pyridyl))aniino]ethyl}anuno)-4-(^^ 
dicUorophenyl)pyrimidin-5-yl]-3,5-dioxopiperazinecarboxylate was made in accordance 
with the foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan- 
20 1-one and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine, D, E, and F using 2-[(tert-butoxy)-N-(carboxy- 
methyl)carbonylamino]acetic acid. 
HPLC: 9.137min. 
MS: Mir'= 632.2 
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Example 145-22 

Preparation of tert-butvl 4-r4-(2.4-dicMorophenvI)-2-a2-r(5-nitro(2- 
Pvridvn)a mino1etfavl>ammo')pvriiiiidin-5-vI1-3.5-dioxopipmizm 

H3C 




5 tert-butyl 4-[4-(2,4-dicMorophenyl)-2-({2-[(5-mtro(2-pyiidyl))aimno]ethyl}- 

ainmo)pyriinidin-5-yl]-3,5-dioxopiperazinecarboxylate was made in accordance with the 
foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one 
arid phthalimide, B, C using amino {2-[(5-nitro(2-pyridyl))amino]efliyl}caiboxamidine, D, 
E, and F using 2-[(tert-butoxy)-N-(caibo3Qraethyl)carbonylamino]acetic add. 
10 UPLC: 9.861min. 
MS: MH*= 617.2 

Example 145-23 
Preparation of 1 -r4-(2.4-dichlorophenvlV2-f (2-r(5-mtro(2- 
pyridvl))aiiiino1ethyl)amino)pvrimidin-5-vl1piperazine-2,6-dione 




.0, 

15 or 

l-[4-(2,4-dicWorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]etiiyl}ainino)pyrimidin- 
5-yl]piperazine-2,6-dione was made in accordance with the foregoing procedures through 
steps A using l-(2,4-didilprophenyl)-2-chloroethan-l-one and phthalimide, B, C using 
amino{2-[(5-mtro(2-pyridyl))amino]ethyl}caiboxamidine, D, E, E using 2-[(tert-butoxy)- 
20 N-(carboxymethyI)caibonyIamino]acetic acid, and G. 
HPLC: 6.554min. 
MS: MH*= 517.2 
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Example 145-24 

Preparation of tert-butyl 4-r2-r({2-r(6-ammo-5-Ditro(2-pyridyl))amino1efliyl)ainino)-4-(2^^^ 
dichlorophenyl)pyriimdm-5-ylV2,6-dimethylpiperazine 




5 tert-butyl 4-[2-( {2-[(6-amino-5-nitro(2-pyridyl))ammo]ethyl} amino)-4-(2,4- 

dicUorophenyl)pyrimidin-5-yl]-2,6-dimethylpiperazmec^^ was made in 

accordance with the foregoing procedures through steps A using l-(2>4-dichlorophenyl)-2- 
chloroethan-l-one and 2,6-dimethylpiperazine. 1 mmol of this product, Immol of tert-butyl 
(tert-butoxycarbonyloxy)fonnate, and 2 mmol of triethylamine were stirred at room 

1 0 temperature in methylenechloride for four hours. The reaction mixture was concentrated in 
vacuo and diluted with water and ethyl acetate. The solution was extracted three times 
with ethyl acetate, dried over sodixrai sulfate, and purified by coliimn chromatography with 
5-10% methanol in methylenechloride. This product was teksax on to steps B and C using 
amino {2-[(6-aniino-5-mtro(2-pyridyl))amino]ethyl} carboxamidine« 

15 HPLC: 10.96min. 

MS: MH^= 632.3 . 

Example 145-25 

Preparation of tert-butyl 4-r4-(2,4-dichlorophenylV2-(|2-r(5-nitro(2> 
pyridyl))amino1ethyUamino)pvrimidin-5-vlV2,6-dimethylpiperazmecaiboxvl^^ 



9^3 o -eH3 
|-^N^O 




20 6 

tert-butyl 4-[4-(2,4-dicWorophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}-. 
ainino)pyrimidin-5-yl]-2,6-dimethylpiperazinecarboxylate was made in accordance with 
the foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroefhan-l- 
one and 2,6-dimethylpiperazine. 1 nmiol of this product, Immol of tert-butyl (tert- 

25 butoxycarbonyloxy)fonnate, and 2 mmol of triethylamine were stirred at room temperature 
in methylenechloride for four hours. The reaction noixture was concentrated in vacuo and 
diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
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acetate, dried over sodium siilfate, and purified by column chromatography with 5-10% 
methanol in methylenechloride. This product was taken on to stqps B and C using 
amino {2-[(5-nitro(2-pyridyl))aniino]ethyl} carboxamidine. 
HPLC: 11.71 3min. 
MS: MH'^ 617.2 

Example 145-26 

Preparation of l2-r(6-amino-5-nitrof2-pvridvl))amino1ethvU r4-(2.4-dichlorophenvn-5- 
(3.5-dimethvlpiperazlnvl)pvriinidin-2-yll amine 




1 0 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(3,5- 

dimethylpiperazinyl)pyrimidin-2-yl]amine was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophMiyl)-2-dbloroethan-l-one and 2,6- 
dimethylpiperaadne. 1 mmol of this product, Immol of tert-butyl (tat-but03Qr- 
carbonyloxy)formate, and 2 mmol of triethylamine were stirred at room temperature in 

15 methylenechloride for fovir hours. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
acetate, dried over sodium sulfate, and purified by column chromatography wifli 5-10% 
methanol in methylenechloride. This product was taken on to steps B, C using amino {2- 
[(6-amino-5-nitro(2-pyridyl))amino]ethyl} carboxamidine, and G. 
Y 20 HPLC: 5,653min. 
^ MS: MH*^= 532.6 

Example 145-27 

Preparatio n of r4-(2.4-dichlorophenvl)-5-(3,5-dimethvlpiperazinvl)pvrimidin-2-vn l2-r(5- 

nitro(2-pvridyn)amino1ethvl) anMne 




25 6 

[4-(2,4-dichlorophenyl)-5-(3,5-dimethylpipera2inyl)pyrimidin-2-yl]{2-[(5-mtro(2- 
p>Tidyl))amino]ethyl} amine was made in accordance with flie foregoing procedures 
through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 2,6- 
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dimethylpiperazine. 1 mmol of this product, Immol of tert-butyl (tert- 
butoxycarbonyloxy)formate, and 2 mmol of triethylamine were stirred at room tempCTature 
in methylenechloride for four hours. The reaction mixture was concentrated in vacuo and 
diluted with water and ethyl acetate. The solution was extracted three times with ethyl 
5 acetate, dried over sodium sulfate, and purified by column chromatography with 5-10% 
methanol in methylenechloride. This product was taken on to steps B, C usmg amino {2- 
[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, and G. 
HPLC: 6.193niin. 
MS: MH^= 517.6 

10 Example 145-28 

Preparation of N-r4-(2,4-dichlorophenvlV2-( |2-r(5-nitro(2- 
Pvridyl))amino1ethvUamino)pvrinMdin-5-yl1-4-hvdroxvbutanan^ 

OH 




N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}a^ 
15 pyrimidin-5-yl]-4-hydroxybutanamide (74814) was made in accordance with the foregoing 

procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 

phthalitnide, B, C using aniino{2-[(5-nitro(2-pyridyl))amino]ethyl}caiboxanMdine, D, E, F 

using 4-bromobutanoic acid. 

HPLC: 5.688min. 
20 MS: MH^= 506.2 

Example 145'-29 

Preparation of r5-((lE)-l-aza-2-pyrrolidinylprop-l-envn-4-(2.4-dicMorophenvl)pvriinidm^ 
2-vl1 l2-r(6-ainino-5-nitro(2-pvadvmamino1ethvl> amine 




25 [5-((lE)-l-aza-2-pyrroUdinylprop-l-enyl)-4-(2,4-dichlorophenyl)py^ 

{2-[(6-aniino-5-nitro(2-pyridyl))anMno]efhyl}aniine was made in accordance with the 



BNSOOCID: <WO 0220495A2 L> 



wo 02/20495 



-168- 



PCTAJSOl/42081 



foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-.one 
and phthalimide, B, C using amino {2-[(6-amino-5-mtro(2-' 
pyridyl))anuno]ethyl}carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-[2- 
({2-[(6-amino-5-iutro(2-pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyr^ 
5 yljacetamide and 2 mmol of Lawesson's reagent were stirred in 2 ml of DME at 80°C, The 
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1 
mmol of l-{[2-({2-[(6^amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 

10 dicMorophenyl)pyriimdin-5-yl]amino}ethane-l-thione was heated to 85®C in pyrrolidine 
and purified by column chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 6.032min, 
MS: MH^= 530.3 

Example 145-30 

15 Preparation of |5-r(lEl-l-aza-2>(cyclopropvlamino)prop-l-envn-4-f2.4- 

dichlorophenyl)pyrimidin-2-vU (2-rf 6-amino-5-nitro(2-Pvridvn)amino1ethvU amine 

{5-[(lE)-l-aza-2-((yclopropylamino)prop-l-enyl]-4-(2,4-dichlorophenyl)- 
pyrimidin-2-yl}{2-[(6-amino-5-nitro(2-pyridyl))aniino]ethyl}aniine was made in 

20 accordance with the foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2- 
chloroethan-l-one and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine, D, E, and K using acetic anhydride. 1 nmiol of N-[2- 
( {2r[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4-dichlorophenyl)pyrimidin-5- 
yl]acetamide and 2 mmol of Lawesson's reagent were stirred in 2 ml of DME at 80°C The 

25 reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The 
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1 
mmol of 1- {[2-( {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4- 

dichlorophenyl)pyrimidin-5-yl]amino} ethane- 1-thione was heated to 40°C in 

30 cyclopropylamine and purified by column chromatography eluting with 5-10% 
methanol/methylene chloride. 
HPLC: 5.78 Imin. 
MS: Mir= 516.2 
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Example 145-31 

Preparation of l-r2-({2-r(6-aiiiino-5"nitro(2-pyridyl))aniino1ethyUaim 
dichlorophenyl)pyrimidm>5-vlV3-(4"methvlpiperazmyl)pw 




a 

. 1 -[2-( {2-[(6-ainino-5-nitro(2"pyridyl))aiaino]ethyl} aijimo)-4-(254-dichlorophenyl)- 
pyriimdin-5-yl]T3-(4-methylpiperazinyl)pynx^ was made in accordance 

with Ihe foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroefhan- 
1-one and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2-pyridyl))anaino]ethyl}'- 
carboxamidine, D, E, K using malic anhydride, and F. Large excess of morpholine was 
added to clean fractions of l-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}amino)-4- 
(2,4-dichlorophenyl)pyrimidin-5-yl]-3-pyrroline-2,5-dione concentrated in vacuo, and 
purified by column chromatography eluting with 5-10% methanol/metiiylene chloride. 
HPLC: 4.897niin. 
MS: MH^= 546.3 

Example 145-32 

Preparation of r6-(2,4-dicMorophenylV5-mtro(2-pyridyl)U2-r(5-iiitro(2- 

pyridyl))amino1ethyU amine 




[6-(2,4-4icMorophenyl)-5-nitro(2-pyridyl)]{24(5-mtro(2-pyridyl^^ 
amine was made in accordance witii the foregoing procedures through steps L using 2,6-* 
dichloro-3-nitropyridine and 2,4-dichlorobenzeneboromc acid, and step M using (2- 
aminoefhyl)(5-nitro(2-p3nridyl))amine. 
HPLC: 9.598min. 
MS: MH^= 448.8 
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Example 145-33 

Preparation of N-r6-((2-r(6-ammo-5-nitro(2-pvridvl))ainino1eA^^ 
dicMorophenvl)f3-pvridvl)l-N-ethylacetamide 




5 N-[6-( {2-[(6-amino-5-rdtro(2-pyridyl))ainino]ethyl} amino)-2-(2,4-dichloro- 

phenyl)(3-pyridyl)]-N-efliylacetaimde was made in accordance with the foregoing 
procedures through steps L using 2,6-dichloro-3-nitropyridine and 2,4- 
dichlorobenzeneboronic acid, M using N-(2-aniinoethyl)(tert-butoxy)carboxainide, O, K 
using acetic anhydride, G, and H using 6-chlpro-3-nitro-2-pyridylamine. 
10 HPLC: 6,223min. 
MS: 504.2 

Example 145-34 

Preparation of l5-r(6-amino-5-nitro(2-pvridvn)aminol-6-(2,4-dichlorophenyl)(2- 
pyridvl)> {2-r(6-amino-S-nitro(2-pyridyl))amino1ethvU amine 

15 

{5-[(6-amino-5-mtro(2-pyridyl))aniino]-6-(2,4-dicWorophenyl)(2-pyri {2-[(6- 
amino-5-nitro(2-pyridyl))amino]ethyl}amine was made in accordance with the foregoing 
procedures through steps L using 2,6-dichloro-3-nitropyridine and 2,4- 
dichlorobenzeneboronic acid, M N-(2-aminoethyl)(tert-butoxy)carboxamide, N, H using 6- 
20 chloro-3-nitro-2-pyridylamine, G, and H using 6-chloro-3-iiitrb-2-pyridylamine. 
HPLC: 7.467niin. 
MS: MH^= 571.0 

Example 145-35 

Preparation of l2-r(6-amino-5-nitrof2-pyridyl))amino1ethvUr6-(2.4-dichlorophenvlV5'- 
25 (ethylamino)(2-pyridyl)lamine 




{2-[(6-amino-5-nitro(2-pyridyl))ainino]ethyl}[6-(2,4-dichlorophenyl)-.5- 
(ethylamino)(2-pyridyl)]amine was made in accordance with the foregoing procedures 
through steps L using 2,6-dichloro-3-mtropyridine and 2,4-dichlorobenzeneboronic acid. 



BNSDCXJia <WO ^0220485A2J_> 



wo 02/20495 



-171- 



PCT/USOl/42081 



M using N-(2-anunoethyl)(tert-butoxy)carboxainide, O, G, and H using 6-chloro-3-^mtro- 
2-pyridylamine. 
HPLC: 5.263min. 
MS: 1^^"^= 462.0 

5 Example 145-36 

Preparation of r6-(2,4-dichlorophenylV3-nitro(2-pvridvl)1 |2-r(S-nitro(2- 

pyridyl))amino1ethyl> amine 

[6-(2,4-dichlorophenyl)-3-nitro(2-pyridyl)] {2-[(5-nitro(2-pyridyl))amino]ethyl} - 
10 amine was made in accordance with the foregoing procedures through steps L using 2,6- 
dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic acid collecting minor product, 
and step M using (2-aminoethyl)(5-iiitro(2-pyridyl))amine. 
HPLC: 12.003min. 
MS: MH*^= 449.0 

15 Example 145-37 

Preparation of 2-(2,4-dichlorophenyl)-4-methyl-6-({2-r(5-nitro(2- 
pyridyl))aminolethyU amino)pyridine-3-carbonitrile 




2-(2,4-dichlorophenyl)-4-me&yl-6-({2-[(5-nitro(2-pyridyl))aniino3ethyl}ain^ 
20 pyridine-3-carbonitrile was made in accordance with the foregoing procedures through 
steps L using 2,6-dichloro-4-methylpyridine-3-carbonitrile and 254-dichloro- 
benzeneboronic acid, and step M using (2-aniinoethyl)(5-mtro(2-pyridyl))amine. 
HPLC: 12.183min. 
MS: MH^= 443.0 

25 Example 145-38 

Preparation of |2-r(6-amino-5-nitro(2-pyridyl))aniino1ethyUr6-(2,4-dichlorophenylV3- 

nitro(2-pyridyl)1amine 

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-3-nitro(2- 
30 ' pyridyl)]amine was made in accordance with the foregoing procedures through steps L 
using 256-dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic acid collecting minor 
product, M using N-(2-aminoethyl)(tert-butoxy)carboxamide, G, and H using 6-chloro-3- 
nitro-2-pyridylamine. 
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HPLC: 10.682mm. 
MS: MH'^ 464.0 

Example 145-39 

Preparation of l2-r(6-amino-5-mtrof2-pvridvl'))amino1ethvl> r6-(4-eflivlphenyn-5-nitrof2. 

pyridvDIamine 




{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(4-ethylphenyl)-5-mtro(2- 
pyridyl)]ainine was made in accordance with the foregoing procedures through steps L 
using 2,6-dichloro-3-nitropyridine and 4-ethylbenzeneboronic add , M using N-(2- 
10 aiiiinoethyI)(tert-butoxy)carboxamide, G, and H VKing 6-chloio-3-nitro-2-pyridylamine. 
HPLC: 9.354min. 
MS: MH*= 424.1 

Example 145-40 

Preparation of N-|l-r2-f (2-r(6-amino-5-nitro(2-pvridYl>) atninn]fif hvl)aminoV4-(2.4- 
15 dicMorophe nvnpvrimidin-5-vn-2.6-dioxof3-piperidvn>(tert-but oxY)caAoxaiTiiHe 




N-{l-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ettiyl}amino)-4-(2,4- 
didUorophenyl)pyriniidin-5-yl]-2,6-dioxo(3-piperidyl)}(tert-butoxy)carboxaimde was 
made in accordance with the foregoing procedures through steps A using l-(2,4- 
20 dichlorophenyl)-2-chloroethan-l-one and phtiialimide, B, C using amino {2-[(5-nitro(2- 
pyridyl))aimno]ethyl}carboxamidine, D, E, and F using l-[(tert-butoxy)carbonyl- 
amino]propane- 1 ,3-dicarboxylic add. 
HPLC: 9.152min. 
MS: MH*= 646.4 
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Example 145-41 

Preparation of 3-amino-l -r2-( {2-r(6-ainino-5-m1ro(2-pvridyl))amino1ethyU aimno)-4-(2,4- 
dichlorophenvl)pyrimidin-5-yl1piperidine-2,6-dione 




II 

o 



5 3-amino- 1 -[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl} am^ 

dichlorophenyl)p3rrimidin-5-yl]piperidine-2,6-dion^ was made in accordance widi the 
foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one 
and phthalimide, B, C using ainino{2-[(5-nitro(2-pyridyl))ainino]ethyl}carboxamidine, D, 
E, F using l-[(tert-butoxy)carbonylamino]propane-l,3-dicarboxylic add, and G. 
10 HPLC: 5.247min. 
MS: MH^= 546.3 

Example 145-42 

Preparation of N-r2-( (2-r(6-ainino-5-nitro(2-pvridyl))aimno1ethyl> amino)-4-(2,4- 
dicMorophenyl)pyriimdin-5-vl1-2-r(tert-butoxy)-N-metfaylcarb 

HgC r 




15 

N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4-dichloro- 
phenyl)pyriiiiidin-5-yl]-2-[(tert-butoxy)-N-methylcarbonyla3ii^ was made in 

accordance with the foregoing procedures through steps A using l-(2,4-dichlorophenyl)-2- 
chloroethan-l-one and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2-pyridyl))- 
20 amino]ethyl}carboxamidine, D, E, and F using 2-[(tert-butoxy)-N-methylcarbonylamino]- 
acetic add. 
HPLC: 8.346mm. 
MS: MH^= 606.2 
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Example 145-43 

Preparation of N-r2-( {2-r(6"aniino-S>mtro(2-pvridvl))ammo1ethyl> aininoV^^ 
dicMorophenyl)p\ainudin-S-yl1-2-(metfaylaiD^ 



H^N 




II 

o 



5 N-[2-( {2-[(6-amino-5-mtro(2-pyridyl))ammo]ethyl} ainino)-4-(2,4-dichlorophenyl)- 

pyrimidin-5-yl]-2-(methylanuno)acetamide was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and 
phthalimide, B, C uang amino {2-[(6-aniino-5-nitro(2-pyridyl))- 

amino]ethyl}carboxamidine, D, E, F using 2-[(tert-butoxy)-N-mefhylcarbonylamino]acetic 
10 acid, and G. 

HPLC: 4.716min. 
MS: MH^= 506.1 

Example 145>44 

Preparation of l-r6"( |2-r(6-ainino-5-nitro(2-pyridyl))anMnolethvU amino V2-(4- 
15 ethylphenyl)-3-pyridyl1pyrrolidine-2^5-dione 




II 

O CH3 

1 -[6-( {2-[(6-amino-5-nitro(2-pyridyl))amino]etiiyl} amino)-2-(4-ethylphmyl)-3- 
pyridyl]pyrrolidine-2,5-dione was made in accordance with the foregoing procedures 
through steps L using 2,6-dichloro-3-nitropyridine and 4-ethylben2eneboronic acid , M 
20 using N-(2-aminoethyl)(tert-butoxy)carboxamide, F using ethane- 1,2-dicarboxylic acid, G, 
and H using 6-chloro-3-nitro-2-pyridylamine. 
HPLC: 6.072min. 
MS: MH^= 476.2 

Example 145-45 

25 Preparation of 2-r4-(2.4-dichlorophenyl)-2-( (2-r(5-nitro(2- 

pyridyl))amino1ethyl> amino)pvrimidin-5-'yl1isoindoline-h3"dione 
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2-[4-(254-dichlorophenyl)-2-( {2-[(5-nitro(2-pyridyl))ammo]ethyl} amino)pyrimidin- 
5-yl]isoindoline-l,3-dione was made in accordance with the foregoing procedures througji 
steps A using l-(2,4-dichlorophenyl)-2-chloroethan-l-one and phthalimide, B, C using 
amino {2-[(5-nitro(2-pyridyl))anMno]ethyl} carboxamidine, and D. 
HPLC: 12.12min. 
MS: Mir'= 549.8 

Example 145-46 

Preparation of 2'-r2-( {2-r(6-anaino-5-nitro(2-pvridyl))aminolethyl| amino)>4-(2,4- 
dicMorophenyl)pyrimidin-5-vl1-3-pvrrolinor3^4-c1pvridine-l,3"dione 



2-[2-({2-[(6-amino-5-nitro(2-pyridyl))aniino]ethyl}anuno)-4-(2,4-dicWoropheny 
pyrimidin-5-yl]-3-pyrrolino[3,4-c]pyridine-l,3-dione was made in accordance with the 
foregoing procedures through steps A using l=-(2,4-dichlorophenyl)-2-chloroethan-l-one 
and 3-pyrrolino[3,4-c]pyridine-l,3-dione, B, C using ainino{2-[(6-aimno-5-nitro(2- 
15 pyiidyl))amino]ethyl}carboxaniidine, and D. 
HPLC: 9.85imn. 
MS: MH^- 566.1 

Example 145--47 

Preparation of l-ir2-((2"r(6"amino-5"nitro(2-pvridyl))amino1ethyl)amino)'4-(2,4- 
20 dichlorophenyl)pyrinudin-5-yllamiho) ethane- 1 -thione 

1- {[2-( {2-[(6-ainino-5-mtro(2-pyridyl))amino]efhyl}anaino)-4-(2,4-dicM 
phenyl)pyrincudin-5-yl]an:iino}ethane-l -thione was made in accordance with the foregoing 
procedures through steps A using l-(2,4-dichlorophCTLyl)-2-chloroethan'-l-one and 

25 phthalinude, B, C using ainino{2-[(6-ainino-5-nitro(2-pyridyl))amino]ethyl}- 
carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-[2-({2-[(6-amino-5- 
nitro(2-pyridyl))anuno]ethyl}amino)"4-(2,4-dicUorophenyl)pyrimidin^ and 
2 mmol of Lawesson's reagent were stirred in 2 ml of DME at 80°C The reaction mixture 
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was 

30 extracted three times with ethyl acetate, dried over sodium sulfate, and purified by column 
chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: lL63min. 
MS: MH^= 493.1 
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Example 146 
Preparation of 4-r5-iinidazol-2-yl-2-((2-r(5-mtro(2- 
pyridyl))aniinolethvl I amino)pvrimidin-4-yllbeiizenecarbomtrile 

NC. 




N 
H 

5 4-[5-imidazol-2-yl-2-({2-[(5-nitro(2-pyridyl))aiiuno]ethyl}ani^ 

yl]benzenecarbomtrile was prepared from 4-cyanobenzoyl chloride using the general 
method for [4-(2,4-dichlorophenyl)-5-inMdazol-2-ylpyriniidin-2-yl3 {2-[(5-mtro(2- 
pyridyl))amino]ethyl }amine. 
HPLC: 21 .9 min (>95% purity) 
10 MS: M+H - 428.1 (C21H17N9O2+H = 428) 

Example 147 

Preparation of 6-r(2-ir4-(2.4-dicMorophenyl)-5-irnidazol-2-ylpyriimdin-2- 
yllamino ] ethyl)anajnolpvridine-3-carbomtrile 




15 6-[(2-{[4-(2,4-diclUorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino}ethyl)anm 
pyridine-3-carbonitrile was prepared from 2-chloro-5-(cyano)pyridine using the general 
method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine. 
HPLC: 1 8.2 min (>95% purity) 

20 MS: M+H = 451.1 (C2iHi6C]2N8+H = 451) 



BNSDOCIO: <WO 022049SA2.L> 



wo 02/20495 -177- PCT/USO 1/42081 




Example 148 

Preparation of r4-(2,4'dicMorophenvl)"5"iimdazol"2-ylpyrimidin-2 
(trifluoromethyl)(2-pviidvl)laimno>ethyl)anune 

€1 

5 [4-(2,4-dicUorophenyl)-5-imidazol-2-ylpyriinidin-2-yl](^^ 

pyridyl)]axmno}ethypaEnine (71480) was prepared from 2-cliloro-5-*(trifluoro- 
methyl)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyriinidin-2-yl] {2-[(5-mtro(2-pyridyl))aimno]ethyl} amine. 
HPLC: 1 8.9 min (>95% purity) 
10 MS: M+H = 494.1 (C21H16CI2F3N7+H = 494) 

Example 149 

Preparation of r4"(2,4HiicMorophenyl)-5"(l-methylimidazol-2-yl)pyrinu^^ (2-r(S- 

nitro(2-pyridvl))amino1ethyUamine 




O2N 

15 [4-(2,4-dicWorophenyl)-5-(l-methyliimda2ol-2-yl)pyriiiiidin-2^^^^ 

pyridyl))amino]ethyl} amine was prepared from 1,2-dimethylimidazole using the general 
method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyriinidin-2-yl] {2-[(5-nitro(2- 
pyridyl))amino]ethyl}amine. 
HPLC: 21.9 min (>95% purity) 

20 MS: M+H = 485.1 (C2iHi8Cl2N802+H = 485) 

Example ISO 

Preparation of |5-itnida2ol-2-yM-r4"(trifluoromethyl)phenvllpvrimidin-2-ylH2-r(5- 

nitro(2-pvridyl))amino1ethyU amine 
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{5-iimdazol-2-yl-4-[4-(trifluoromefhyl)phenyl]pyri^ {2-[(5-mtro(2- 
pyridyl))amino]ethyl} amine was prepared from 4-(trifluorometfiyl)benzoyl chloride using 
the general method for [4-(2,4-dichlorophenyl)-5-imida2ol-2-ylpyrimidin-2-yl]{2-[(5- 
nitro(2-pyridyl))amino]ethyl} amine. 
HPLC: 22.0 min (>95% purity) 
MS: M+H = 471.2 (C21H17F3N8O2+H = 471) 

Example 151 

Preparation of 6-{r2-({5-imidazol>2>vM-r4->(trifluoromethyl)phenvl1pyrimidin"^^ 
yUamino)ethvnamino>pvridine-3-carbonitrile 




10 

6-{[2-({5-imida2»l-2-yl-4-[4-(Mfluoramelhyl)phenyl]pyri^ 
ainmo}pyridine-3-carbomtrile was prepared from 4-(trifluorometibyl)benzoyI chloride and 
2-chloro-5-(cyano)pyridme using the genoral method for [4^(2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 
15 HPLC: 19.3 min (>95% purity) 

MS: M+H = 451 .2 (C22H17F3N8+H = 45 1) . 

Example 152 

Preparation of (5-imidazol-2-vl-4-r4-(trifluoromethvl>phenvl1p>aimidin-2-vl>(2-ir5- 
(trifltu)rome(hvl)(2-pvridvl)1aminol ethvDamine 




20 

{5-imidazol-2-yl-4-[4-(trifluoromethyl)phenyl]pyrimidin-2-yl}(2-{[5-(trifluoro- 
methyl)(2-pyridyl)]amino}ethyl)amine was prepared from 4-(trifluoromethyl)benzoyl 
chloride and 2-chloro-5-(trifluoromethyl)pyridine using the general method for [4-(2,4- 

dichlorophenyl)-5-imidazol-2-ylpyriimdin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 
25 HPLC: 20.0 min (>95% purity) 

MS: M+H = 494.2 (C22H17F6N7+H = 494) 
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Example 153 

Preparation of 6-r(2-(r4-(2.4-dicMorophenyl)-5-(l-me1hvliimdazol-2-vnpvim 
ynamino ] ethvl)ainino1pyridme-3-carbonitrile 




5 6-[(2-{[4-(2,4-dichloTophemyl)-5-(l-methylimidazol-2-yl)p)nrimi 

ethyl)ainino]pyridine-3-carbonitrile was prepared from l^Z-dimefhylimidazole and 2- 
cliloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}aimne. 
HPLC: 19.0 min (>95% purity) 
10 MS: M+H = 465.1 (CaaHisazNg+H = 465) 

Example 154 

Preparation of r4-(2.4-dichlorophenvlV5-(l-methvlimidazol-2-vnpvrimidin-2-vnf2-(r5- 
(trifluoromethviy2-pvridvl')1amiDo}ethyl) aTniTie 

if H - 

15 [4-(2,4-di(*Iorophenyl)-5-(l-methyliniidazol-2-yl)pyrimidin-2-yl](2-{[5-(trifluoro- 
methyl)(2-pyridyl)]amino}ethyl)amine was prepared from i;2-dimettiylinudazole and 2- 
chloro-5-(trifluoromethyl)pyridine using the general melhod for [4-(2,4-dichloiophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine. < 
HPLC: 20.0 min (>95% purity) 

20 MS: M+H = 508.1 (C22H18CI2F3N7+H = 508) 

Example 155 

Preparation of r4-(2-chlorophenvn-5-imidazol-2-y1p yritnidiTi- 2-vn (2-r(5-nitror2- 

pyridvl))amino1ethvll amine 
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[4-(2-cMorophenyl)-5-iimdazol-2-ylpyriinidin-2-yl]{2-[(5-nitro(2-pyridyl^^ 
ethyl} amine was prepared from 2-chlorobeaizoyl chloride using the general method for [4- 
(2,4-dichlorophenyl)-5-imida2ol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine. 
HPLC: 1 8.5 min (>95% purity) 
MS: M+H = 437.1 (CzoHnClNgOz+H = 437) 

Example 156 

Preparation of 6-r(2-(r4-r2-chlorophenvl)-5-imidazol-2-vlpvrimidin-2- 
yllaminol ethvl)amino1pyridine-3-carbomtrile 

N t 

10 

64(2-{[4-(2-cUorophenyl>^5-imida2ol-2-ylpyriniidin-2-yl]amino}ethyl)ainino]- 
pyridine-3-carbonitrile was prepared fixwn 2-chlorobenzoyl chloride and 2-chloio-5- 
(cyano)pyridine using the general method for [4-(2,4-dichloit)phCTiyl)-5-imidazol-2- 
ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ettiyl} amine. 
15 HPLC: 15.3 min (>95% purity) 

MS: M+H = 417.2 (CziHnClNs+H = 417) 

Example 157 

Preparation of r4-(2-chlorophenvlV5-imidazol-2-vlpvrimidin-2-vn(2-(r5- 
(trifluoromeflivl)(2-pvridyl)1amino^ethvl) amine 





20 F 

[4-(2-cWorophenyl)-5-iniidazol-2-yIpyrimidiri-2-yl](2-{[5-(trifluoromethyl)(2- 
pyridyl)]amino}ethyl)aniine was prepared from 2-chloroben2oyI chloride and 2-chloro-5- 
(trifluoromethyl)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol- 
2-ylpyrimidui-2-yl] {2-[(5-nitro(2-pyri<iyl))amino]ethyl} amine. 
25 HPLC: 16.8 min (>95% purity) 

MS: M+H = 460.2 (C21H17CIF3N7+H = 460) 
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Example 158 

Preparation of r4-(2-cMoro-4-fluorophenvn-5-iimdazol"2-ylpvito (2-r(5>nitro(2- 

pyridvl))ainmo1etfayl>amine 




5 [4-(2-cMoro-4-fluorophenyl)-5-imidazol-2-ylpyriim {2-[(5-nitro(2- 

pyridyl))ainino]ethyl}amine was prepared &om 2-chloro-4-fluorobenzoyl chloride using 
the general method for [4-(2,4-dicMorophenyl)-5-iiiuda2ol-2-ylpyriniidin-2-yl]{2-[(5- 
nitro(2-pyridyl))amino]ethyl} amine, 
HPLC: 19.4 min (>95% purity) 

10 MS: M-^H = 455. 1 (C20H16CIFN8O2+H = 455) 

Example 159 

Preparation of f 4-r4"fluoro"2-(trifluoromethyl)phenvl1-S"imidazol-2-vlpvrinndin-2^^^ (2- 

r( S-nitit)(2-pyridyl))a3mnolethyl>anaine 




F 

1 5 {4-[4-fluoro-2-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrinudin- {2-[(5- 

nitro(2-pyridyl))amino]ethyl} amine was prepared from 4-fluoro-2- 
(trifluoromethyl)benzoyl chloride using the general method for [4-(2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}aniine. 
HPLC: 21.0 min (>95% purity) 

20 MS: M+H = 489.2 (C21H16F4N8O2+H = 489) 

Example 160 

Preparation of |4-r4-fluoro-2-(trifluoromethyl)phenylV5-imidazol-2"ylpyrimidin"2-yU 12- 

r(5-iiitro(2-pyridyl))amino1ethyl> amine 
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{4-[4-fluoro-2-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyruiudin-2-yl} {2-[(5- 
nitro(2-pyridyl))amino]ethyl} amine was prepared from 4-fluon>-2- 
(trifluoromethyl)benzoyl chloride using the general method for [4-(2,4-dichlorophenyl)-5. 
imidazol-2-ylpyrimidin-2-yl] {2-[(5-mtro(2-pyridyl))amino]ethyl} amine. 
HPLC: 21.2 min (>95% purity) 
MS: M+H = 431.3 (C21H16F4N8O2+H = 431) 

Example 161 

Preparation of r4-f4-ethYlphenvn-5-imidazol-2-vlpvrimidin-2-vn(2-(r5- 
(trifluoromethvl)(2-pvridvmamino>ethvl)amine 




10 . . F 

[4-(4-ethylphaiyl>5-imidazol-2-ylpyriinidin-2-yl](2-{[5-(trifluor6methyl)(2- 

pyridyl)]amino}ethyl)amine was prepared from 4-ethylben2oyl chloride and 2-chloro-5- 

(trifluoromethyl)pyridine using the general method for [4-(2,4-dichlorDphenyl)-5-imidazol- 

2-ylpyiimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl)amine. 
15 HPLC: 19.4 min (>95% purity) 

MS: M+H = 454.3 (C23H22F3N7+H = 454) 

Example 162 

Preparation of f 4-r2-fluoro-4-(trifluoromethvl)phenvl1-5-imidazol-2-vlpvrimidin-2-vn 12- 

r(S-nitro(2-pyridvl))amino1ethyl } arriine 

t 




F ^^N02 
20 F 

{4-[2-fluoro-4-(trifluoromethyl)phenyl]-5-imida2ol-2-ylpyrimidin-2-yl} {2-[(5- 

nitro(2-pyridyI))amino]ethyl} amine was prepared from 2-fluoro-4- 

(trifluoromethyl)benzoyl chloride using the general method for [4-(2,4-dichlorophenyl)-5- 

imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine. 

25 HPLC: 22.2 min (>95% purity) 

MS: M+H = 489.2 (C21H16F4N8O2+H = 489) 
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Example 163 

Preparation of 6-r(2-(r4-(2-cMoro-4-fluorophenvl)-5-imida2ol-2-vlpvrimidm-2- 
vllamino > ethyl)amino1pvridine-3-carbonitrile 




5 6-[(2-{[4-(2-chion)-^-fluorophOTyl)-5-inddazol^^^ 

amino]pyridine-3-carbonitrile was prepared from 2-chloro-4-fluorobenzoyl chloride and 2- 
chloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yl]{2-[(5-mtro(2-pyridyl))amino]ethyl}aniine. 
HPLC: 1 6.3 min (>95% purity) 
10 MS: M+H = 435.2 (CiiHigClFNg+H - 435) 

Example 164 

Preparation of r4-(2>chlorO"4-fluorophenyl)-5-iimdazol-2-ylpvriniidin-2-yl1Q^ 
(trifluorometfayl)(2-pyridvl)1amino>ethvl)ainine 

n 




F 

15 [4-(2-cUoro-4-fluoroph«iyl)-5-iniida2ol-2-ylpyriim<im-2-yl](2- {[5- 

(trifluoromethyl)(2-pyridyl)]amino}ethyl)amine was prepaid from 2-chloro-4- 
fluorobenzoyl chloride and 2-chloro-5-(trifluoromethyl)pyridine using the general method 
for [4-(2,4-dicWorophenyl)-5-imidazol-2-ylpyrinudin-2-yl]{2-[(5-mtro(2-pyridyl)) 
ethyl}amine. 

20 HPLC: 1 7.7 min (>95% purity) 

MS: M+H = 478.2 (C2iHi(5CaF4N7+H = 478) 

Example 165 

Preparation of 6- i\2-( {4-r4-fluoro-2-(trifluoromethvl)phenvl1-5-imidazol-2-vlpvrimidin-2- 

yll amino^ethvUamino > pyridine-S-carbonitrile 



25 
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6- {[2-( {4-[4-fluoro-2-(trifluorome%l)phesnyl]-5-imidazol-2-ylp)Timidm-2- 
yl}amino)elhyl]ainino}pyridine-3-carbonitrile was prepared from 4-fluoro-2- 
(trifluoroinethyl)ben2oyl chloride and 2-chloro-5-(cyano)pyTidine using the general 
method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyriimdin-2-yl] {2-[(5-mtro(2- 
pyridyl))amino]ethyl } amine. 
HPLC: 18.1 min (>95% purity) 
MS: M+H = 469.2 (C22H,6F4N8+H = 469) 



Preparation of (4-r4-fluoro-2-(trifluoromethvl')phenvn-5-imidazol-2-vlpvrimidin-2-vU (2- 



{4-[4-fluQix>-2-(trifluoromethyl)phenyl]-5-imida2ol-2-ylpyrimidin-2-yl} (2- {[5- 
(trifluoromethyl)(2-pyridyl)]anuno}ethyl)amine was prepared from 4-fluoio-2- 
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(trifluoromethyl)pyridine using the 
general method for [4-(2,4-dichlorophenyl)-5-iniida2ol-2-ylpyrimidin-2-yl]{2-[(5-m1ro(2- 
pyridyl))amino]ethyl}amine. 
HPLC: 1 8.8 min (>95% purity) 
MS: M+H = 512.2 (C22H16F7N7+H = 512) 



6-[(2- {[4-(4-ethylphenyl)-5-imidazol-2-ylpyiimidin-2-yl]ainino} ethyl)amino]- 
pyridine-3-caibonitrile was prepared from 4-elhylbenzoyI chloride and 2-chloro-5- 
(cyano)pyiidine using the general method for [4-(2,4-dichlorophenyl)-5-imida2ol-2- 
ylpyrimidin-2-yl] {2-[(5-mtro(2-pyridyl))amino]ethyl} amine. 
HPLC: 1 7.9 min (>95% purity) 
MS: M+H = 41 1.2 (C23H22N8+H = 41 1) 



Example 165 



{ r5-(trifluoromethvl)(2-pyridvl)lamino> etfayDamine 




Example 166 

Preparation of 6-r(2-ir4-(4-ethvlphenvl)-5-imidazol-2-vlT?viimidin-2- 
ynammo>ethvl)amino1pvridine-3-carbonitrile 
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Example 167 

Preparation of r4-(4-cMorophenvlVS-iimda2ol-2-vlpvrimidin'-2-yl1 {2-r(5-mtro(2- 

Pvridvl))aniino1ethyUamine 

€1 

5 [4-(4-chlorophenyl)"5-imidazol-2-ylpyrimidin-2-yl]{2- 

ethyl} amine was prepared from 4-chlorobenzoyl chloride using the general method for [4- 
(2,4-dichlorophenyl)-5-iniida2ol-2-ylpyrimidin-2-yI]{2-[(5-mtro(2-p^ 
amino]ethyl } amine. 
HPLC: 20.0 min (>95% purity) 
10 MS: M+H = 437.1 (CioHnClNgOs+H = 437) 

Example 168 

Preparation of 6"r(2-{r4-(4-chlorophenyl)-5-imidazol-2-ylpyrinddin-2- 
yllamino} ethyl)amino1pyridine-3-carbonitrile 




1 5 6-[(2- { [4-(4-cMorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino} ethyl)amino]- 

pyridine-3-carbomtrile was prepared from 4-chlorobenzoyl chloride and 2-chloro-5- 
(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2- 
ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))ainino]ethyl} amine. 
HPLC: 1 7. 1 min (>95% purity) 

20 MS: M+H = 417.2 (C2iHi7ClN8+H = 417) 

Example 169 

Preparation of r4"(4-cMoro-2-methylphenyl)-S-i3mdazol"2-ylpyrimidin-2-yl1(2-r(5-mtro(2- 

pyridyl))amino1ethyl> amine 




A. x-^^ ^N. 
H 




N 



25 [4-(4-cWoro-2-methylphenyl)-5-iniidazol-2-ylpyrmudin-2-y^ 

pyiidyl))amino]ethyi}axiime was prepared from 4-chloro-2-iiiethylbenzoyl chloride using 



BNSDOCID: <WO 02a048SAa_L> 



wo 02/20495 



-186- 



PCT/USOl/42081 



the general method for [4-(2,4-dichlorophenyl)-5-iinidazol-2-ylpyriinidin-2-yl]{2-[(5- 

rutro(2-pyridyl))aiiiino]ethyl)ainme. 

HPLC: 20.8 min (>95% purity) 

MS: M+H = 451.2 (C21H19CIN8O2+H = 451) 

Example 170 

Preparation of r4-f4-cMoro-2-methvlpheiivl)-5-iinidazol-2-vlpvriinidin-2-vl1(2- (r5- 
(trifluorometfavl)(2-pvridvl)1ainino}ethYl) airiine 




[4-(4-cUoro-2-methylphenyl)-5-imida2»I-2-ylpyriiiudin-2-yl3(2-{[5-(trifluoro- 
mefhyl)(2-pyridyl)]amino}ethyl)amine was prepared from 4-chloro-2-methylbenzoyl 
chloride and 2-chloro-5-(trifliioromethyl)pyridine using the general method for [4-(2,4- 

dicWorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-mtro(2-pyridyl))amino]ethyl}amine. 

HPLC: 19.2 min (>95% purity) 

MS: M+H = 474.2 (C22H19CIF3N7+H = 474) 

Example 171 

Preparation of 6-ir2-((4-r2-fluoro-4-(trifluoromethvl)phenvn-S-imidazol-2-vlpvrimidin-2- 

vUamino')ethvnammo)pvridine-3-carbomtrile 




6-{[2-({4-[2-fluoro-4-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrimidin-2- 
yl}ainino)ethyl]aniino}pyridine-3-carbonitrile was prepared from 2-fluoro-4- 
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(cyano)pyridine using the general 
method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yi] {2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine. 
HPLC: 19.7 min (>95% purity) 
MS: M+H = 469.3 (C22Hi6F4Ng+H = 469) 
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Example 172 

Preparatio n of r4-(2-fluorophenvlV5-imidazol-2-vlpvrimidin-2-vl1l2-r(S-nitn>(2- 

pyridvl))ainino1etfavl> amine 




--2 \ 

5 [4-(2-fluorophenyl)-5-iinidazol-2-ylpyrinudin-2-yl]{2-[(5-mtK)(2-pyridyl))amino]- 
ethyl} amine was prepared from 2-fluorbenzoyl chloride using the general mefliod for [4- 

(2,4-dicMorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]- 
ethyl} amine. 

HPLC: 17.9 min (>95% purity) 
10 MS: M+H = 421.2 (C2oH,7FN802+H = 421) 

Example 173 

Preparation of 6-rf2-ir 4-(2-fluorophenvn-5-imidazol-2-vlpvrimidm-2- 
yllaminoi ethyl)amino1pyridine-3-carbonitrile 




15 6-[(2- {[4-(2-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-yl3aniino}ediyl)amino]- 

pyridine-3-carbonitrile was prepared from 2-fluoibenzoyl chloride and 2-chloro-5- 
(cyano)pyridine using the general method for [4-(2,4-dichiprophenyl)-5-imida2ol-2- 
ylpyrimidin-2-yl]{2-[(5-mtro(2-pyridyl))amino]ethyI}amine. 
HPLC: 14.7 min (>95% purity) 

20 MS: M+H = 401 .2 (CziHnFNs+H = 401) 

Example 174 

Preparation of r4-(4-chlor o-2-metfaoxvphenvn-5-imidazol-2-vlpvrimidin-2-vn f 2-r(S- 

nifro(2-pvridvl)')amino1ethy1 } aminft 




25 [4-(4-chloro-2-methoxyphenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nifro(2- 

pyridyl))amino]ethyl}amine was prepared from 4-chloro-2-methoxybenzoyl chloride using 
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the general method for [4-(2,4-dicMorophenyl)-5-imidazol-2-ylpyiimidin-2-yl]{2-[(5. 

mtro(2-pyridyl))ainino]ethyl} amine. 

HPLC: 19.9 min (>95% purity) 

MS: M+H = 467.3 (C21H19CIN8O3+H = 467) 

Example 175 

Preparation of 6-r (2- 1 r4-(4-chloro-2-methoxvphenvn-5-imidazol-2-vlpvrimidm-2- 
yllamino) ethvl)amino1pvridine-3-carbonittile 

si 




6-[(2-{[4-(4-diloro-2-methoxyphenyl)-5-imidazol-2-ylpyrinttdin-2-yl]janino}- 
10 etiiyl)amino]pyridine-3-carbomtrile was prepared from 4-cihlon}-2-methoxybenzoyl 
chloride and 2-chloro-5-(cyano)pyridine using the general method for [4-(2,4- 

dicMorophenyl)-5-imidazol-2-ylpyrinudin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 
HPLC: 16.9 min (>95% purity) 

MS: M+H = 447.3 (C22H19CIN8CH-H = 447) 

15 Example 176 

Preparation o f 6-rf2-ir4-f4-chloro-2-methvlphenvn-5-imidazol-2-vlpvrimidin-2- 
vl1amino> ethvnaminolpvridme-S-carbonitrile 

1^ 




6-[(2-{[4-(2-cMoro-4-fluorophenyl)-5-inudazol-2-ylpyrimidin-2-yl]aiiuno}ethyl)- 
20 aniino]pyridine-3-carbonitrile was prepared from 4-chloro-2-methylbaizoyl chloride and 
2-chloro-5-(cyano)pyridine using the genwal method for [4-(2,4-didilorophCTiyl)-5- 

imida2ol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 

HPLC: 17.9 min (>95% purity) 

MS: M+H = 430.8 (C22H19CIN8+H = 430) 
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Example 177 . 

Preparation of r4-(4-bromo-2-cMorophenvl)-5-iinidazol-2-ylpvriim 

PvridvD)aiiunolethyUamine 

ri 




Br^ "CI ^^^^N02 
5 [4-(4-bromo-2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-^^^ 

pyridyl))aimno] ethyl} aiiiine was prepared from 4-bromo-2-chlorolbeiizoyl chloride using 
the general method for [4-(2,4-dicMorophenyl)-5-imidazol-2-ylpyrimidin--2-yl]{2-[(5- 
nitro(2-pyridyl))amino]ethyl} amine, 
HPLC: 21 .5 min (>95% purity) 
10 MS: M+H = 515.2 (CzoHieBrClNgOi+H = 515) 

Example 178 

Preparation of 6-r(2- (r4-(4-bromo-2-cMorophenyl)-5"imida2ol-2-ylpyriinidin-2- 
yl1amino>ethyl)anninolpyridine-3"Carbonitrile 




1 5 6-[(2- { [4-(4-bromo-2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino } ethyl)- 

amino]pyridine-3-carbonitrile was prepared from 4-bromo-2-chlorobenzoyl chloride and 2- 
chloro-5"(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yl] {2-[(5-mtro(2-pyridyl))amino]ethyl}amine. 
HPLC: 17.7 min (>95% purity) 

20 MS: M+H - 495 (C2iHi6BrClN8+H = 495) 

Example 179 

Preparation of r4-(4-bromo-2"Chlorophenyl)-5"imidazol-2-ylpyrimidin-2-yl1(2--(r5- 
(trifluoromethyl)(2-pyridyl)lamino>ethyl)amine 





H 

CI 

25 [4-(4-bromo-2-K^orophenyl)-5-Mnidazol-2-ylp3rriimdm-2-yl]^^^ 

me&yl)(2-pyridyl)]a]iuno}ethyl)amine was prepared from 4-broino-2-chloroben2oyl 
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chloride and 2-chloro-5-(trifluoromethyl)pyridine using the general method for [4-(2,4- 

dicWorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))ainino]e&^^ 
HPLC: 19.7 min (>95% purity) 

MS: M+H = 538.2 (C2iHi3rClF3N7+H « 538) 

Example 180 

Preparation of 4-r2-({2-r(6-amino-5-nitro(2-pvridyl))amino1ethvl>amino)-5-imida2ol-2- 

ylpvrimidin-4-ynbenzenecarbonitrile 

H 

-N 

^ NH2 

y 

NC 

4-[2-( {2-[(6-aimno-5-mtro(2-pyridyl))amino]ethyl} ainino)-5-iinidazol-2- 
ylpyrimidin-4-yl]ben2enecarbomtrile was prepared from 4-cyanobenzoyI diloride using 
tiie general method for {2-[(4-amino-5-nitro(2-pyridyl))ainino]ethyl}[4-(2,4- 
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amine. 
HPLC: 20.0 min (>95% purity) 
MS: M+H = 443.1 (CziHigNioOa+H = 443) 

Example 181 

Preparatioh of (2-r(6-amino-S-nitro(2-pvridvl'))amino1ethvn l5-imidazol-2-vl-4-r4- 
(trifluoromethvl)phenynpyrimidin-2-yl } amine 

H2N^N^N 




{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {5-imidazol-2-yl-4-[4-(trifluoro- 
methyl)phenyl]pyrimidin-2-yl} amine was prepared from 4-(trifluoromethyl)benzoyl 
chloride using the general method for {2-[(4-amino-5-nitro(2-pyridyl))aniino]ethyl}[4- 
(2,4-dichlorophenyl)-5-imida2ol-2-ylpyrimidin-2-yl]amine. 
HPLC: 20.2 min (>95% purity) 
MS: M+H = 486.2 (C2iH,8F3N902+H = 486) 
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Example 182 

Preparation of {2-r(6-amino-5-nitro(2-pvridyl))ainino1ethyl>r4-(2,4-dicM 

meihylimidazol-2-yl)pyriii3idm"2-yl1amin^ 



{2-[(6-amino-5-ni1ro(2-pyridyl))ainino]efhyl} [4-(2,4-diclilorophaiyl)-5-(l -methyl- 
imidazol-2-yl)p3nimidm-2-yl]amm was prepared from 1^-dimethylimidazole using the 
general method for {2-[(4-aiidno-5-mtto(2-pyridyl))amino]eihyl}[4-(2,4-dichl^ 
5-imidazol-2-ylpyrimidin-2-yl]amine* 
HPLC: 19.6 min (>95% purity) 
MS: M+H = 500.2 (C21H19CI2N9O2+H - 500) 

Example 183 

Preparation of {2-r(6-aniino-5-nitix>(2-pyridyl))amino1ethvlir4-(2-cMorophe 

imidazol-2-ylpyrimidin-2-yllamine 



{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2-cUorophenyl)-^ 
pyrimidin-2-yl] amine was prepared from 2-chlorobenzoyl chloride using the general 
method for {2-[(4-aniino-5-nitro(2-pyridyl))arnino]ethyl} [4-(2,4-dichlorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl]amine. 
HPLC: 16.4 min (>95% purity) 
MS: M-fH = 452.7 (C20H18CIN9O2+H = 452) 



Preparation of |2"r(6-aminO'5-nitro(2-pyridyl))amino1ethylU4"(2-chlon)"4-fluorop 



{2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}[4-(2-chloro-4-fluorop 
inddazol-2-ylpyriniidin-2-yl]ainine was prepared from 2-chloro-4-fluorobenzoyl chloride 





. Example 184 



5>imidazol-2'-ylpyrhnidin-2"yllamine 
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using the general method for {2-[(4-ainino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4- 

dicWorophenyl)-5-imidazol-2-ylpyrimidm-2-yl]amme. 

HPLC: 17.3.min (>95% purity) 

MS: M+H = 470.2 (C20H17CIFN9O2+H = 470) 

Example 185 

Preparation of l2-r(6-amino-5-mtro(2-pvridvmamino1ethvl) |4-r4-fluoro-2- 
(trifluoromethvnphenvn-5-inudazol-2-vlpvrimidin-2-vUamine 

HzN^N^N 




F 

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-[4-fluoro-2-(tiifluoromethyl)- 
10 phenyl]-5-imidazol-2-ylpyrimidin-2-yl}amine was prepared from 4-fluoro-2- 
(trifluoiomefeyl)benzoyl chloride using the general method for {2-[(4-amino-5-mtro(2- 

pyridyl))amino]ethyl}[4-(2,4-dicWorophen>d)-5-imidazol-2-ylpyrimidin-2-yl]amine. 

HPLC: 18.4 min (>95% purity) 

MS: M+H = 504.3 (C2iH,7F4N902+H = 504) 

15 Example 186 

Preparation of {2-r( fi-fl mino-5-mtro(2-pvridvl))amino1ethvl> r4-(4-chIorophenYlV5- 

imidazol-2-ylpvrimidin-2-vnamine 

N- 

{2-[(6-amino-5-nitro(2-pyridyl))amino]elhyl}[4-(4-chlorophenyl)-5-imidazol-i- 
20 ylpyrimidin-2-yl]amine was prepared from 4-chlorobenzoyl chloride using the general 
method for {2-[(4-amino-5-iutro(2-pyridyl))amino]efliyl}[4-(2,4-didilorophenyl)-5- 
imidazol-2-ylpyrimidin-2-yl]amine. 
HPLC: 1 8.0 min (>95% purity) 
MS: M+H = 452.2 (C20H18CIN9O2+H = 452) 
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Example 187 

Preparatio n of l2-r(6-amino-5-nitro(2-pvridvl))anuno1eflivl)r4-(4-chloro^ 

5-inudazol-2-ylpyrimidin-2-vl1amine 




H L II 

5 {2-[(6-ai]uno-5-nitro(2-pyridyl))aimno]ethyl} [4-(4-chlon)-2-methylphenyl)-5- 

imidazol-2-ylpyrimidin-2-yl]amine was prepared from 4-chloro-2-methylbmzoyl chloride 
using the general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4- 
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amiiie. 
HPLC: 18.7 min (>95% purity) 
10 MS: M+H = 466.1 (C2iH2oClN902+H = 466) 

Example 188 

Preparation of {2-r(6-amino-S-nitro(2-pvridvl))amino1ethvnr4-(4-chloro-2- 
methoxvphenvlV5-imidazol-2-vlpvrinudin-2-vnainine 

* 5 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl> [4-(4-chloro-2-meflioxyphenyl)-5- 

imidazol-2-ylpyrimidin-2-yl]amine was prepared from 4-chloro-2-metiioxybenzoyl 
chloride using the general method for {2-[(4-amino-5-mtro(2-pyridyl))amino]ethyl}[4- 
(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]amine. 
HPLC: 17.8 min (>95% purity) 

20 MS: M+H = 482.1 (C2iH2oClN903+H = 482). 

Example 189 

Preparation of (2-rf^6-aTmnn. 5-nitro(2-pvridvmamino1ethvn r4-(4-bromo-2-chlorophenvlV 

5-imidazol-2-vlpvrimidin-2-vnamine 

H^N N N^j^A^<JL^ 

25 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(4-chloro-2-methoxyphenyI)-5- 

iniida2ol-2-ylpyrimidin-2-yl]anmie was prepared from 4-bromo-2-dblorolbenzoyl chloride 
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using the general method for {2-[(4-aiiimo-5-nitro(2-pyridyl))amino]ethyl>[4-(2,4- 

dicWorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]anune. 

HPLC: 19.4 min (>95% purity) 

MS: M+H = 530 (CzoHnBrClNjOa+H = 530) 

Example 190 

Preparation of l2-r f6-a fflino-5-nitror2-pvridvmaniino1ethvU r4-(4-bromo-2-chlo«>phenvn- 
5-(4-inethylimidazol-2-vl)pvriniidin-2-Yl] aTnine 

V 




1 H 



Br ^^^Cl ^^=^N02 
{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(4-bromo-2-chlorophenyl)-5-(4- 
methylimidazol-2-yl)pyrimidin-2-yl]amine was prepared from 4-bromo-2-chlorolbenzoyl 
chloride and 2-aniino-6-chloro-3-nitropyridine using the general method for 6-[(2-{[4-(2,4- 

dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrirnidin-2-yl]ainino}ethyl)amino]pyridi^ 
caibonitrile. 

HPLC: 19.4 min (>95% purity) 

MS: M+H = 544.1 (CaiHjjBrClNsOa+H = 544) 

Example 191 

Preparation of 6-r(2-fr4 -(4-bromo-2-chlorophenvl)-5-(4-metfivlimidazol-2-Yl)p vritniHln-7- 

yllamino} ethvl)amino1pvridine^3-carbonitrile 




6-[(2- { [4-(4-bromo-2-chlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2- 
yl]amino}ethyl)amino]pyridine-3-carbonitrile was prq)ared from 4-bromo-2- 
chlorolbenzoyl chloride using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4- 

methylimidazol-2-yl)pyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile. 
HPLC: 1 8.7 min (>95% purity) 

MS: M+H = 509. 1 (C22H,8BrClN8+H = 509) 
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Example 192 

Preparation of { 2-r(6-ammo-5-nitro(2-pvridvn)aP3ino1ethvIlf4-f2-cdiloro-4-fluorDph 
5-(4-methYlimi dai2ol-2-yl)pyrimidin-2-vllainme 

H II J 

MO2 

5 {2-[(6-amino-5-nitro(2-pyridyI))aimno]ethyl} [4-(2-chloro-4-fluorophenyI)-5-(4- 

methylimidazol-2-yl)pyriitudin-2-yl]ainine was prepared from 4-fluoro-2-chlorobenzoyl 
chloride and 2-amino-6-chloro-3-nitropyridine using the general method for 6-[(2-{[4-(2,4- 

dicmorophenyl)-5-(4-me1hylimidazol-2-yl)pyrimidin-2-yl]amino}ethyl)amino]pyrid^ 
caibomtrile. 

10 HPLC: 17.7 min.(>95% purity) 

MS: M+H = 484.3 (C21H19CIFN9O2+H = 484) 

Example 193 

Preparation of 6 -\(2- 1 r4-(2-chloro-4-fluorophenylV5-(4-methvlimidazol-2-vl')pvriinidin-2- 

ynamino>ethvl)ainino1pyridine-3-carbonitrile 




15 N' 

6-[(2- { [4-(2-chloro-4-fluorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]- 

amino}ethyl)amino]pyridine-3-carbonitrile was prepared from 4-fluoro-2-chlorobenzoyl 

chloride using the general method for 6-[(2-{[4-(2,4-dichlorophenyl>5-(4-methylimidazol- 

2-yl)pyriinidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile. 
20 HPLC: 16.7 min (>95% purity) 

MS: M+H = 449.3 (CzzHigClFNg+H = 449) 

Example 194 

Preparation of r 4-(2.4-dichlorophenvl')-5-(4-metfavlimidazol-2-vlVv riTni<1iTi-'>- vn (2-rf 5- 

nitro(2-pvridyl))amino1ethvl> amine 



25 O2N 
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[4-(2,4-dicWorophenyl)-5-(4-methyUimdazol-2-yl)pyriimdm-2-yl]{2-[(5-m^ 
pyridyl))amino]ethyI} amine was prepared from 6-chloro-3-mtropyridine using the general 

method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2- 

yl]ainino}ethyl)amino]pyridine-3-carbonitrile. 

HPLC: 2 1 .9 min (>95% purity) 

MS: M+H = 485.6 (CziHigClzNgOj+H = 485) 

Example 195 

Preparation of (2-r(6-a mino-5-nitrof2-pvridvn)anmio1ethvn r4-(2.4-dichlorophenvl')-5-(4- 

methvlimida2X)l-2-vl)pyrimidin-2-ynamine 




Nv^N NH2 

{2-[(6-amino-5-nitro(2-pyridyl))anmio]ethyl}[4-(2,4-dichlorophenyl)-5-(4-methyl- 
imidazol-2-yl)pyrimidin-2-yI]amine was prepared from 2-amino-6-chloro-3-mtropyridine 
using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)- 
p3mmidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile. 
HPLC: 19.8 min (>95% purity) 
MS: M+H = 500.2 (C21H19CEN9O2+H = 500) 

Example 196 

Preparation of r4-(2.4- dichlorophenyl)-5-(4-methvlimida2ol-2-yl)pviimidin-2-vl1(2- ^ r5- 

(trifluoromethvl)(2-pvridvnianuno>ethvnainine 
^NH 

'"^'^ H 

F . 

[4-(2,4-dicMorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl](2-{[5-(trmuoro^ 
methyl)(2-pyridyl)]aniino}ethyl)amine was prepared from 2-cMoro-5-(trifluoromethyl)- 
pyridine using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol- 
2-yl)pyrimidin-2-yl]amino } ethyI)amino]pyridine-3-cari)onitrile. 
HPLC: 20,0 min (>95% purity) 
MS: M+H = 508.1 (C22H18CI2F3N7+H = 508) 
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Example 197 

Preparation of 4-r2-({2-r(6-cMoropvrimidm-4-yl)aiiiino1etfavI>ainino)-5- 
iinidazolvlpvrimidin-4-ylTbenzenecarbonitrile 



H 

CI 




N 

5 4-[2-( {2-[(6-cWoropyriinidm-4-yl)amino]ethyl^ ammo)-5-imidazolylpyrimidin-4- 

yl]beiizenecarbonitrile was prepared from 4,6-dichloropyrimidine using the general method 
for 4- {5-inudazolyl-2-[(2- {[5-(trifluoromethyl)(2-pyridyl)]amino} efhyl)ammo]pyrimidin- 
4-yl }benzenecarbonitrile. 
HPLC: 16.1 min (>95% purity) 
10 MS: M+H - 418.1 (C20H16CIN9+H = 418) 

Example 198 

Preparation of 4-amino-2-r(2-(r4-(4-cyanophenvl)>5-imidazolylpyrimidin-2- 
yllamino) ethyl)amino1pyrinaddine-S-carbonitrile 




1 5 4-amino-2-[(2- {[4-(4-cyanophenyl)"5-imidazolylpyrimidin-2-yl]amino} ethyl)- 

ancuno]pyriniidine-5-carbonitrile was prepared from 4-amino-2-chlon)pyrimidine-5- 
caibonitrile using the general method for 4-{5-imidazolyl-2-[(2-{[5-(tilfluoromethyl)(2- 
pyridyl)]amino} ethyl)amino]pyrimidin-4-yl}benzenecarbonitrile. 
HPLC: 17.5 min (>95% purity) 

20 MS: M+H = 436.2 (C21H17N11+H = 436) 

Example 199 

Preparation of r6-f2.4--dicMorophenylV5-(4-methvlimidazolylX2-pyridyni{ 

pyridyl))amino1ethvl> amine 
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[6-(2,4-dichlorophenyl)-5-(4-methylmiidazplyl)(2-pyri(iyl)] {2-[(5-nitro(2- 
pyridyl))ainino]ethyl}ainine was prepared from 4-methyimidazole (the isomers were 
separated using a slica gel column) and 2-chloro-5-mtropyridine using the general method 

for {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl>[6-(2,4-dichloiophenyl)-5-imida2olyl(2- 
5 pyridyl)]amine. 

HPLC: 22.8 min (>95% purity) 

MS: M+H = 484.2 (C22H19CI2N7O2+H = 484) 

Example 200 

Preparation of r6-(2.4-dichlorophenvl)-5-(4-metfavlimidazolvn(2-pvridvm(2- ( [5- 
10 (trifluoromethvl)(2-pvridvmaminole thyl)aminft 




F . . 

[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)(2-pyridyl)](2-{[5-(trifluoro- 
mefliyl)(2-pyridyl)]amino}ethyl)amine was prepared from 4-methyimidazole (the isomers 
were separated using a slica gel column) and 2-chloro-5-(trifluoromethyl)pyridine using 
15 the general method for {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4- 
dichlorophenyl)-5-imida2olyl(2-pyridyl)]amine. 
HPLC: 21.0 min (>95% purity) 
MS: M+H = 507 (C23H19CI2F3N6+H = 507) 

Example 201 

20 Preparation of l-r2-(2.4-dic hlorophenvlV6-( {2-rf5-nitro(2-pvridy 1 » ami no1ethvnaminoV3- 

Pvridyl1hvdropvridin-2-one 




l-[2-(2,4-dichlorophenyl)-6-({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)-3- 
pyridyl]hydropyridin-2-one was prepared following flie same procedures as the method for 
25 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-miida2olyl(2- 

pyridyl)]amme with the following exceptions. l-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]hydropyridin-2-one was made by heatmg 2-hydroxypyridine with 2 equivalents 
of Hiinig's base in acetonitrile until dissolved followed by addition of l-(2,4- 
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dichlorophenyl)-2-chloroethan-l-one. The reaction was heated at 65 for 18 hours and 
purified by slica gel column. Also, 2-chloro-5-nitropyridine was used for the final step. 
HPLC: X min (>95% purity) 
MS: M+H = X (C23H18CI2N6O3+H = X) 

Example 202 

Preparation of l-r6-((2-r(6-aminO'5«mtro(2"pyridyl))amino1ethyUaininoV2-(2,4* 
dichlorophenyl)-3-pvridynhydropvridin-2-one 

H2N^N N^j^. 

JL Jl H 
OaN^^^ cr "CI 

1 -[6-( {2-[(6-amino-5-nitro(2-pyridyl))axnino]ethyl}anuno)-2-(2,4-d 

10 3-pyridyl]hydropyridin"2-one was prepared following the same procedures as the method 

for {2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}[6-(2,4-dichloroph^^ 

pyridyl)]amine with the following exceptions. l-[2-(2,4-dichlorophenyl)-2- 

oxoethyl]hydropyridin-2-one was made by heathig 2-hydroxypyridine with 2 equivalents 

of Hiinig's base in acetonitrile until dissolved followed by addition of l-(2,4- 

15 dichlorophenyl)-2-chloroethan-l-one. The reaction was heated at 65 °C for 18 hours and 

purified by slica gel column. 

HPLC: X miri (>95% purity) 

MS: M+H = X (C23H19CI2N7O3+H = X) 

Example 203 

20 Preparation of 6-r(2-(r6-(2,4-dichlorophenyl)-5-(2-oxohydropvridvlV2- 

pyridyllamino> etfayl)anainolpyridine-3-carbonitrile 




6-[(2- { [6-(2,4-dicUorophenyl)-5-(2-oxohydropyridyl)-2-pyridyl]anain^ 
amino]pyridine-3-carbonitrile was prepared following the same procedures as the method 
25 for {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyI} [6-(2,4-dichlorophenyl)-5-imidazQlyl(2- 
pyridyl)]amine with the following exceptions. l-[2-(2,4-dichlorophenyl)-2- 
oxoethyl]hydropyridin-2-one was made by heating 2-hydroxypyridine with 2 equivalents 
of Hiinig's base in acetonitrile until dissolved followed by addition of l-(2,4- 
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dichlorophenyl)-2-chloroethan-l-one. The reaction was heated at 65 for 18 hours and 
purified by slica gel column. Also, 2-chloro-5Tcyanopyridine was used for the final step. 
HPLC: X min (>95% purity) 
MS : M+H = X (C24H18CI2N6O+H = X) 

Example 204 

Preparation of ethvl 6-({2-r(5-mtro(2-pvridvl)')amino1e1iivl> amino V2- 
phenylpvridine-3-caiboxvlate 




N02 

ethyl 6-( {2-[(5-nitro(2-pyridyl))ammo]ethyl} ainino)-2-pheiiylpyridine-3" 

1 0 carboxylate was prepared from ethyl 3-oxo-3-phenylpropanoate as the starting material and 
DDQ in the oxidation step. The final product is achieved directly from the chloropyridine 
by reacting ethyl 6-chloro-2-phenylpyridhie-3-carboxylate with 2-(2-aminoethylamine)-5- 
nitropyridine in CH3CN and Hinng's base at 80''C for 18 hours. The procedures are 
analogous to the genial method for {2-[(6-an)ino-5-nitro(2-pyridyl))arnino]ethyl}[6-(2,4- 
15 dichlorophenyl)-5-imida2olyl(2-pyridyl)]ainine. 
HPLC: 24.5 min (>95% purity) 
MS: M4-H = 408.1 (C21H21N5O4+H = 408.1) 

Example 205 

Preparation of ethyl 2-(2,4-dichlorophenyl)-6-(|2"r(5-nitro(2- 
20 pyridyl))aminolethvl ) amino)pyridinc-3"Carboxvlate 




Ethyl 2-(2,4-dichlorophenyl)-6-( {2"[(5-nitro(2-pyridyl))amino]ethyl} amino)- 

pyridine-3-carboxylate was prepared from ethyl 3-(2,4-dichlorophenyl)-3-oxopropanoate 
(re£ Wemple, J.; et, al. Synthesis 1993, 290-292.) as the startmg material and THF/ethanol 
25 ratio of 3:1 as the solvent in the first step. The oxidation uses DDQ. The final product is 
achieved directly from the chloropyridine by reacting ethyl 6-chloro-2-phenylpyridine-3- 
carboxylate with 2-(2-aminoethylamine)-5-nitropyridine in CH3CN and Huing's Hiiing's 
base at 120 for 18 hours. The procedures are analogous to the general method for {2- 
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[(6-ainino-5-mtro(2-pyridyl))amino]ethyl}[6^^ 

pyridyl)]amine. 

HPLC: 3 1 min (>95% purity) 

MS: M+H = 476.1 (C21H19CI2N5O4+H = 476) 



ethyl 2-(4-cyanophenyl)-6-({2-[(5-nitro(2-pyridyl))ainino]ethyl} ainmo)pyridine-3- 
carboxylate (62258) was prepared from ethyl 3-(4-cyanophenyl)-3-oxopropanoate (re£ 
Wemple, J.; et. al. Synthesis 1993, 290-292.) as the starting material and THF/ethanol ratio 
of 1:5 as the solvent in the first step. The oxidation uses DDQ in toluene. The final 
product is achieved direcfly fix)m the chloropyridine by reacting ethyl 6-chloro-2- 
phenylpyridine-3-carboxylate with 2-(2-aiiiinoethylaniine)-5-nitropyridine in DMA and 
Hiiing's base at 120 °C for 18 hours. TTie procedures are analogous to the general method 
for {2-[(6-aniino-5-nitro(2-pyridyl))atnino]ethyl}[6-(2,4-dicUoropheny 
pyridyl)]amine. 

HPLC: 26.8 min (>95% purity) 

MS: M+H = 433.1 (C22H20N6O4+H = 433) 

Example 207 

Preparation of 4-r3-inridazolyl-6-(|2-r(5-nitro(2-pvridvl))amino1ethynamino)-2- 

pyridvlTbenzenecarbonitrile 



4.[3-imida2olyl-6-({2-[(5-nitro(2-pyridyl))amino]ethyl}anadno)-2-py^ 
carbonitrile was prepared from 4-cyanophenacyl bromide, CAN for the oxidation (1:1 
acetic acid and water with heating at 80°C for 1 hour), and 2-chloro-5-nitropyridine using 
the genwal method for {2-[(6-anMno-5-nitro(2-pyridyl))ainino]ethyl}[6-(2,4- 
dichlorophenyl)-5-imidazolyl(2-pyridyl)]aniine. 
HPLC: 19.5 min (>95% purity) 



Example 206 

Preparation of ethyl 2'(4-cvanophenvl)-6-({2-r(5-nitro(2' 
pyridyl))amino1ethyl) amino)pyridine-3-carboxylate 





.0220495A2_L> 
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MS; M+H = 427.2 (C22H18N8O2+H = 427) 

Example 208 

Preparatioh of ethyl 6-(l2-rf5-nitro(2-pvridvmaiiu no1ethYl>aTnin oV2-r4- 
(trifluoromethYl)pheayl1pYridine"3-carboxvlate 




F 

F ^ 

ethyl 6-({2-[(5-nitro(2-pyridyl))amino]ethyl}aimno)-2-[4-(trifluoromethyl)^^ 
pyridme-3-carboxylate was prepared from ethyl 3-oxo-3[4- 
(trifluoromethyl)phenyl]propanoate (ref. Wanple, J.; et al. Synthesis 1993, 290-292.) as 
the starting material. The oxidation was accomplished using 4 equivalents of 
10 chlorotiimethysilane and 1 equivalent of bromine in didbloimethane. The product was 
obtained directly from ethyl 6-chloro-2-[4-(ttifluoromefliyl)phenyl]pyridine-3-caTbbxyla1» 
by reacting it with 2-(2-aniinoethylamine)-5-nitropyridine in DMA and Hfinig's base at 70 
"C for 72 hours. These procedures are analogous to the general method for {2-[(6-amino- 

5-nitro(2-pyridyl))amino3ethyl}[6-(2,4-dicMorophenyl)-5-imidazolyl(2-pyridyl)]amine^ 
15 HPLC: 30.4 min (>95% purity) 

MS: M+H = 476.2 (C22H20F3N5O4+H = 476) 

Example 209 

Preparation of 6-(|2-r("5-mtro(2-pyridvl))amino1ethyUaminoV2-r4- 
(trifluoromethvl')phenyl1pvridine-3-carboxylicacid 




20 

6-( {2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-2-[4-(trifluoromethyl)phenyl]- 
pyridine-3-carboxylic acid was made by hydrolyzing ethyl 6-({2-[(5-nitro(2-pyridyl))- 
amino]ethyl}amino)-2-[4-(trifluoromethyl)phenyl]pyridine-3-carboxylate (71477) which 
was made following the general method for {2-[(6-amino-5-nitro(2- 
25 pyridyI))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)]amine. The 
hydrolyze was carried out using a solution of 1:1 water and concentrated hydrochloric acid 
and heating to 80 °C overnight. 
HPLC: 24.0 min (>95% purity) 
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MS: M+H = 448.1 (C2oH,6F3N504+H = 448) 



Example 210 

Preparation of 2-(2.4-dichlorophenvl>-6-( l2-r(5-mtrof2- 
Pvridyl))aiDino1ethvl>amino)pyridine-3-carboxylic add 




O 



2-(2,4-dichlorophenyl)-6-( {2-[(5-m1ro(2-pyridyl))ammo]ethyl} aiimio)pyridme-3- 
carboxylic add was made by hydrolyzing ethyl 2-(2,4-didilorophenyl)-6-({2-[(5-nitro(2- 
pyridyl))ainino]ethyl}amino)pyridine-3-carboxylate (62257) which was made following 
the general method for {2-[(6-amino-5-mtro(2-pyridyl))aiiuno]ethyi}[6-(2,4- 
dichlorophenyl)-5-imidazolyl(2-pyridyl)]amine. The hydrolize was carried out using a 
solution of 1 :1 water and concentrated hydrochloric acid and heating to 80 °C overnight 
HPLC: 23.6 min (>95% purity) 
MS: M+H = 448.1 (C19H15CI2N5O4+H = 448) 

Example 211 

Preparation of r6-(2,4-dichlorophenvl)-5-imidazolyl(2-pyridvl)1 {2-r(5-nitro(2- 

pyridyl))amino1ethyl> amine 



[6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)]{2-[(5-nitro(2-pyridyl))amino]- 
ethyl} amine was prepared from 2-chloro-5-(nitro)pyridine using the general method for 
{2-[(6-arnino-5-mtro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-imidazolyl(2- 
pyridyl)] amine. 

HPLC: 22.9 min (>95% purity) 

MS: M+H = 470. 1 (C21H17CI2N7O2+H = 470) 
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Example 212 

Preparation of 6-r(2-(r6-(2.4-dichlorophenvn-5-imidazolvl-2- 
Pvridvl1ammo)ethvnaininolpvridine-3-carbonitrile 




6-[(2- {[6-(2,4-dicWoiDphenyl)-5-imidazolyl-2-pyridyl]ammo}^yl)amino]- 
pyridine-3-carbonitrile was prepared from 2-chloropyridine-5-carbomtrile using the 
general method for {2-[(6-amino-5-mtro(2-pyridyl))ainino]ethyl}[6-(2,4-dichlorophenyl)- 
5-iniidazolyl(2-pyridyl)]amine. 
HPLC: 18.8 min (>95% purity) 
MS: M+H = 450 (CziHnCbNy+H = 450) 

Example 213 

Preparation of (2-r(6-amino-5-nitro(2-pvridvmamino1ethvn r6-(2.4-dichlorophenvn-5-r4- 

metfavlunidazolvl)(2-pYridYl)'| ainine 




H2N N 

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophaiyl)-5-(4-methyl- 
imidazolyl)(2-pyridyl)]amine was prepared from 4-methyimidazole (the isomers were 
separated using a slica gel column) using the general method for {2-[(6-amino-5-nitro(2- 
pyTidyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyiidyl)]amirie. 
HPLC: 21 .5 min (>95% purity) 
MS: M+H = 499.3 (CzaHzoClaNgOz+H = 499) 

Example 214 

Preparation of 6-H2- {r6-(2,4-dichlorophenvn-5-(4-methvlimidazolvn-2- 
pyridvnamino>ethvl)amino1pvridine-3-carfaonitrile 
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6-[(2- {[6-(2,4-dicMoiophenyl)-5-(4-met]iylimidazolyl)-2-pyridyl]amino} ethyl)- 
ainino]pyridme-3-carbomtrile was prepared from 4-meth3dinidazole (The isomers were 
separated using a slica gel column.) and 2-chloropyridine-5-carbomtrile using tiie general 
method for {2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5- 
5 imidazolyl(2-pyridyl)]amine. 
HPLC: 20.7 min (>95% purity) 
MS: M+H = 464.2 (C23H19CI2N7+H = 464) 

Example 215 

Preparation of (2-r(6-amino-5-nitro(2-pvridvl))amino1ethvl> r6-(2.4-dichlorophenvlV5- 
10 imidazol-2-yl(2-pvridyl)1amine 

/=\ 




NH2 
H 

{2-[(6-aniino-5-nitro(2-pyridjrl))amino]efliyl}[6-(2,4-didilorophOTyl)-5-im^ 
2-yl(2-pyridyl)]amine was prepared from (2-aminoe&ylX6-anuno-5-mtiD(2-pyridyl))ainine 
using the general method for [6<2,4-dichlorophenyl)-5-iinidazol-2-yl(2-pyridyl)]{2-[(5- 
15 nitro(2-pyridyl))amino]ethyl} amine. 
HPLC: 20. 1 min (>95% purity) 
MS: M+H = 485.4 (C21H18CI2N8O2+H = 485) 

Example 216 

Preparation of r6-(2,4-dichlorophenvl)-5-imidazol-2-vl(2-pvridvl)l(2-(r5- 
20 (trifluoromethvl)(2-pvridvmaro ino }ethyl) aTntne 

/=\ 




H 

[6-(2,4-dicWorophenyl)-5-imidazol-2-yl(2-pyridyl)](2-{[5-(trifluoromethyl)(2- 
pyridyl)]aimno}ethyl)amine was prepared from (2-aminoefliyl)[5-(trifluoromethyl)(2- 
pyridyl)]amine using the general method for [6-(2,4-dichlorophenyl)-5-imidazol-2-yl(2- 
25 pyridyl)] {2-[(5-nitro(2-pyridyl))amino]efhyl}amine. 
HPLC: 20.3 min (>95% purity) 
MS: M+H = 493.3 (C22H17CI2F3N6+H = 493) 
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Example 217 

Preparation of 6-r(2-ir6-(2,4-dichlorophenvlV5-imida2ol-2-vl-2- 

pyridvl1amino)ethvl)amino1pvridine-3-carbonitrile 

/=\ 




H 

5 67[(2-{[6-(2,4-dicUorophenyl)-5-iinidazol-2-yl-2-pyri<fyl]anuno}efliyl) 

pyridme-3-carbomtrile was prepared from 6-[(2-aininoethyl)ammo]pyridine-3-carbonitrile 
using the general method for [6-(2,4-dichlorophenyl)-5-iimda2ol-2-yl(2-pyridyl)]{2-[(5- 
nitro(2-pyridyl))aimno]ethyl} amine. 
HPLC: 1 8.9 min (>95% purity) 
10 MS: M+H = 450.4 (C22H17CI2N7+H = 450) 

Example 218 

Preparation of l-('2,4-Dichlorophenvl)-2-py TazolylethaTi -l-one 

To a solution of 2',4'-didhlorophenaQrl chloride (2.0 g, 8.9 mmol) and dry MeCN 
15 (50 mL) at 23 °C was added pyrazole (3.1 g, 44.8 mmol). The resulting solution was 
heated at 80 °C for 5 h then cooled to 23 "C. The MeCN was removed under reduced 
pressure and CH2C12 (50 mL) was added. The resulting solution was washed with H20 (2 
X 15 mL) and the organic layec was dried (Na2S04) and concentrated under reduced 
pressure. The resulting residue was purified on silica gel (40% EtOAc/hexanes) to yield a 
20 light yellow solid, 
m/z 256 (MH+) 

Example 219 

Preparation of l-(2.4-Dic hlorophenvn-2-(4-methvlimidazolvnethan-l-one 

CI 
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Made using the same procedure as for l-(2,4-dichlorophenyl)-2-pyra2olylethaii-l- 
one except tiiat 4-methyliinidazole (3.7 g, 44.8 nunol) was used in place of pyrazole. The 
crude residue was purified on siUca gel (5% MeOH/CH2C12) to yield a li^t yellow solid. 
m/z270(MH+). 

Example 220 

Preparation of l-(2.4-DicMorophepvlV2-(2.4-dimedivlimidazole')ettian-l-one 



,j6, 



ri 



Made using the same procedure as for l-(2,4-dichlorophenyl)-2-pyrazolylefhaii-l- 
one except fliat 2,4-dimethylimidazole (4.3 g, 44.8 imnol) was used in place of pyrazole. 
10 The crude residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow 
solid 

m/z284(MH+) 

Example 221 

Preparation of l-r2"(2,4-Dichlorophenvl)-2"Oxoethvnhydropvridin-2-one 




15 O 

To a solution of 2%4*-dichlorophenacyl chloride (1.0 g, 4.5 nunol) and dry MeCN 
(20 mL) at 23 °C was added polystyrene-bound l,5,7-triazabicyclo[4.4.0]dec-5-ene (2.6 g, 
6.7 nunol) and 2-hydroxypyridine (428 mg, 4.5 nunol) and the resulting mixture was 
shaken at 23 °C for 20 h. The mixture was filtered and the resin was washed with MeCN 

20 (10 mL). The MeCN was removed under reduced pressure and the resulting residue was 
purified on silica gel (5% MeOH/CH2Cl2) to yield a light yellow solid. 
m/2 283(MH+) 

Example 222 

Preparation of 2-Benzimidazolvl- 1 -(2,4"dichlorophenyl)ethan- 1 -one 

CI 
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Made using the same procedure as for l-(2,4-dichlorophenyl)-2-pyrazolylethan-l- 
one except that benzimidazole (5.3 g, 44.8 mmol) was used in place of pyiazole. The 
crude residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid 
m/z 306 (MH+) 

Example 223 

Preparation of l-(2.4-DichlorophenvlV2-(2-methvlimidazolvnethan-l-one 




Made using the same procedure as for l-(2»4-dichlorophenyl)-2-pyrazolylethan-l- 
one eKcept that 2-methyliinidazole (3,7 g, 44.8 mmol) was used in place of pyrazole. The 
1 0 crude residue was purified on silica gel (5% MeOH/CH2a2) to yield a li^t yellow solid. 
m/z270(MH+) 

Example 224 

Preparation of l-(2,4-DichlorophenvlV2-(4-phenvlimidazolvl)ethan-l-one 




CI- 

15 Made using the samie procedure as for l-(2,4-dichlorophenyl)-2-pyrazolylefhan-l- 

one except that 4-phenylimidazole (6.5 g, 44.8 mmol) was used in place of pyiazole. The 
crude residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid. 
m/z332(MH+) 

Example 225 

20 Preparation of l-(2.4-Dichlorophenvl)-2-imidazolvlethan-l-one 



CI 



CI- 

Made using flie same procedure as for l-(2,4-dichlorophenyl)-2-pyiazolylethan-l- 
one except that imidazole (3.1 g, 44.8 mmol) was used in place of pyrazole. The crude 
residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow solid. 
25 m/z 256 (MH+) 
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Example 226 

Preparation of l-r2-(2.4-DicMorophenylV2"Oxoethvl1-S-chlorohvdropyridin 

CI 




Made using the same procedure as for l-[2-(2,4-dicWorophenyl)-2- 
5 oxoethyl]hydropyridin-2-one except that 5-chloro-2-hydroxypyridine (583 mg, 4.5 nmiol) 
was used in place of 2-hydroxypyridine. The crude residue was purified on silica gel (5%. 
MeOH/CH2C12) to yield a light yellow solid. 
m/2317(MH+) 

Example 227 

10 Preparation of l-(2,4"DicMorophenyl)-3-(dimethylamino)>2-pvra2olvlprop-2-en"l-one 




MeaN 

A solution of l-(2,4-dichlorophenyl)-2-pyrazolylethan-l-one (I, 1.0 g, 3.9 mmol) 
and dimethylformamidedimethyl acetal (10 mL, 75 irnnol) was heated at 100 °C for 2 h. 
The resulting red-hrown solution was concentrated under reduced pressure to yield a dark 
1 5 - red-brown oil which was used without further purification. 
in/z311(MH+) 

Example 228 

Preparation of l-(2.4-DicMorophenyl)-3-(dimethylainino)-2-(4'methylimidazolyl)proP"2- 

en-l-one 




20 MeaN 

Made using the same procedure as for l-(2,4-dichlorophenyl)-3-(dimethylamino)-2- 
pyrazolylprop-2~en-l-one except that l-(2,4-dichlorophenyl)-2-(4-methylimidazolyl)ethan- 
1-one (II, 1 .0 g, 3.7 mmol) was used. The crude residue was used without purification, 
m/z 325 (MH+) 
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Example 229 

Preparation of l-(2.4-DicMorophenvlV3-(dimethvlainmoV2-r2.4-dimethvlmudazol^^^ 

prop-2-ea-l-one 

Me2N 

5 Made using the same procedure as for l-(2,4-dichlorophenyl)-3-(dimethylamino)-2- 

pyrazolylprop-2-en- 1 -one except that 1 -(2,4-dichlorophenyl)-2.(2,4- 

dimethylimidazole)ethan-l-one (III, 1.0 g, 3.5 nunql) was used. The crude residue was 
used without purification 
m/z 339 (MH+) 

10 Example 230 

Preparation of l-(2,4-DicMorophenyl)-3-(dimethvlaniino)-2>(2-oxohydropvridvl)prop"2" 




MezN 

A solution of l-[2-(2,4-dichlorophenyl)-2-oxoethyl]hydropyridin-2-one (IV, 1.0 g, 
15 3.5 mmol), dry THF (25 mL) and dimethylforniamidedimethyl acetal (10 mL, 75 mmol) 
was heated at 75 °C for 2.5 h. The resulting dark solution was concentrated under reduced 
pressure and the oily residue was used without purification, 
m/z 338 (MH+) 

Example 231 

20 Preparation of 2-Benzimidazolvl->l-(2.4--dichlorophenylV3--(dimethvlaniino)prop-2-en-l- 
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10 



15 



20 



Made using the same procedure as for l-(2,4-dicWorophenyl)-3-(dime&ylainino)-2- 
pyrazolylprop-2-en-l-one except that 2-benziinidazolyl-l-(2,4-dichlorophenyl)ethan-l-<>ne 
(V, 1 .0 g, 3.3 mmol) was used. The crude residue was used without purificatioix 
m/z361(MH+) 

Example 232 

Preparation of l-(2,4-DicMorophenylV3-(dimethylainino)-2-(2"methyliitiida^ 

en-l-one 




Made using the same procedure as for l-(2,4-dichloropheayl)-3-(dimethylamino)-2- 
pyrazolylprop-2-en-l-one except that l-(2,4-dichlorophenyl)-2-(2-methylimidazolyl)ethan- 
1-one (VI, 1 .0 g, 3.7 mmol) was used. The crude residue was used without purijBcation. 
m/z 325 (MH4-) 

Example 233 

Preparation of l-(2,4-DicMorophenylV3-(dimethylaminoV2-(4-phenylinudazoly^ 



en-l-one 




MeaN 



Made using the same procedure a^ for l-(2,4-dicMorophaiyl)-3-(dimethylamino)-2- 
(2-oxohydropyridyl)prop-2-en-l-one except that l-(2,4-dichlorophenyl)-2-(4-phenyl- 
imidazolyl)ethan-l-one (VII, 1.0 g, 3.0 mmol) was used. The crude residue was used 
wittiout ptmfication. 
m/z387(MH+) 
MS: 
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Example 234 

Preparation of l-(2,4-DicMorophenvl)-3-(dimethylaimno)-2-imidazolylprop-2-^^^ 




IJ 

Made using the same procedxjre as for l-(2,4-dichloroph©tiyl)-3-(dimethylamino)-2- 
5 (2-oxohydropyridyl)prop-2-en-l-one except that l-(2,4-dichlorophenyl)-2- 
imidazolylethan-l-one (VIII, LO g, 3.9 imnol) was used. The crude residue was used 
without purification. 
in/z311 (MH-h) 

Example 235 

10 Preparation of l-(2-f2,4-DicMorophenvlVl-r(dimethylaminoVmethylene1--2-oxoethyU--5- 

chlorohydropyridin-2-one 




Me^N 

Made using the same procedure as for l-(2,4-dichlorophenyl)-3-(dimethylamino)-2- 
(2-oxohydropyridyl)prop-2-en-l-one except that l-[2-(2,4-dichlorophenyl)-2-oxoethyl]-5- 
15 chlorohydropyridin-2-one (DC, 1.0 g, 3.2 mmol) was used. The crude residue was used 
without purification, 
m/z 372 (MH+) 

Example 236 

Preparation of r4-(2,4-Dichlorophenyl)-5-pyrazolylpyrimidin-2-yll (2-r(5-mtro(2- 
20 pyridyn)amino1ethyll amine dihydrochloride 



O2N 
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To a solution of l-(2,4-dicMor6phenyl)-3-(dimethylamino)-2-pyrazolylprop-2-en- 
1-one (X, 400 mg, 1.3 mmol) and EtOH (10 mL) at 23 °C was added amino {2-[(5-nitro(2- 
pyridyl))amino]ethyl}-carboxamidine hydrochloride (365 mg, L4 mmol) followed by 
NaOEt in EtOH (1.6 mL, 1.6 mmol) and the resulting solution was heated at 90 ""C for 16 
5 h. The EtOH was removed under reduced pressure and the resulting residue was purified 
on silica gel (1-5% MeOH/CH2C12) to yield a yellow solid which was dissolved in 
MeGN/0.5M HCa (3 mL, 1:1), fix>zen and lyophilized to yield a yellow solid. 
m/z 472 (MH+) 

Example 237 

10 Preparation of r4-(2,4-Dichlorophenvl)-5-(4-methvliimda2olyl)pyriinidin-2-yll {2-r(5" 

nitro(2"Pvridyl))amino1 ethyl) aniine dihydrochloride 




Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine dihydrochloride 
15 except that l-(2,4-dicMorophenyl)-3-(dimethylaniino)-2-(4-mefhylimidazolyl)prop-2-en-l- 
one (XI, 421 mg, 1.3 namol) was used. 
m/z486(MH+) 

Example 238 

Preparation of { 4"(2,4-DicMorophenyl)-5-(2,4-dimethyliimdazolvl)pvritmdin--2-vl1 ^2-r(5- ^ 
20 nitro(2>pvridyl))amino1ethvllamine dihvdrochloride 



CI 




Made using the same procedure as for XIX except that l-(2,4-dichlorophenyl)-3- 
(dimethylamino)-2-(2,4-dimefhylimidazolyl)-prop-2-en-l-one (Xn, 439 mg, 1.3 mmol) 
was used. 
25 m/z 500 (MH+) 
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Example 239 

Preparation of l-r4-f2.4-Dichlorophenvl)-2-( l2-r(5-nitro(2-pvridvmamino1ethYl} flTninn)- 
pvrimidin-5-yl1hvdropvridm-2-one hydrochloride 




5 Made using the same procedure as for [4-(2,4-didilorophenyl)-5- 

pyrazolylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl} amine dihydrochloride 
except that 1 -(2,4-dichlorbphenyl)-3-(dimethylamino)-2-(2-oxohydropyridyl)prop-2-en-l - 
one (438 mg, 1.3 ntunol) was used and the crude product -was purified by rectystallization 
(CH2C12/Et20/hexanes) 
10 m/z499(MH+) 

Example 240 

Preparation of r5-BeD2imidazolvl-4-(2,4-dichlorophenvnpvrinudin-2-vl1 12-rf 5-nitrof2- 

pyridyl))amino1ethyl>amine dihydrochloride 

CI 




15 Made using the same procedure as for [4-(2,4-didilorophenyl)-5- 

pyrazolylpyrimidin-2-yl] {2-[(5-mtro(2-pyiidyl))aminp]ethyl}amine dihydrochloride 
except that 2-benzimidazolyl-l-(2,4-dichlorophenyl)-3-(dimethylamino)prop-2-en-l-one 
pCIV, 468 mg, 1.3 mmol) was used and the crude product was purified by recrystallization 
(CHiCla/EtaO/hexanes). 

20 m/z 522 (MH+) 
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Example 241 

Preparation of r4-(2.4-DicMorophenyl)-5-(2-metfavlinudazolyl)pvi^ (24f5- 
mlTo(2-pvridyl))aiiiino1ethvUa3inne dihvdrochloride 




5 Made using the same procedure as for [4-(2,4-dichIorophenyl)-5- 

pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine dihydroddoride 
except that l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(2-methylimidazolyl)prop-2-ea-l- 
one (XV, 42 1 mg,. 1 .3 mmol) was used, 
m/z 486 (MH+) 

10 Example 242 

Preparation of l2-r(6-Amino-S-nitro(2-Pvridvn)amino1eQivU r4-(2,4-dicihlorophenvlV5-('2- 
methylimidazolyl)pvrimidin-2-Yl1aminedihvdiochloride 




H 

Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
15 pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine dihydrochloride 
except that l-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(2-methylimidazolyl)prop^^ 
one (XV, 421 mg, 13 mmol) and amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine hydrochloride (386 mg, 1.4 nmiol) were used, 
m/z 501 (MH+) 
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Example 243 

Preparation of (2-r(6-Amino-5-nitro(2-pvridvl>)amino1ethvUr4-(2.4-dicMorophenvlVS^^ 
phenvlirnidazolvl'>pvTimidin-2-vl1aminedihydrochloride 



T ^ 




O2N' 

Made using the same procedure as for [4-(2,4-dicliloropheaQyl>5- 
pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine dihydiochlotide 
except that 1 -(2,4-dichIorophenyl)-3-(dimethylamino)-2-(4-phenylimidazolyl)prop-2-en- 1 - 
one (502 mg, 1.3 mmol) and amino {2-[(6-ainino-5-nitro(2-pyridyl))aimno]- 
ethyl}carboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the crude product 
was purified on silica gel (5% MeOH/CH2Cl2) 
m/z 563 (MH+) 

Example 244 

Preparati on of l2-r(6-Amino-5-nitro(2-pvridvl))amino1etfavl>r4-(2.4-dichlorophenvl)-5- 
(2,4-dimeflivlimidazolvnpvrimidin-2-vnaminedihydrochloride 




Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
pyra2olylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl} amine dihydrochloride 
except that l-(2,4-dichlorophenyl)-3-(dimethylaimno)-2-(2,4-dimethylimidazolyl)-prop-2- 
en-l-one (439 mg, 1.3 mmol) and amino {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}carboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the 
crude product was purified by reversed-phase HPLC (gradient of 95:5 HaOtMeCN to 5:95 
H20:MeCN). 
m/z515(MH+) 
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Example 245 

Preparation of Polymer-bound N-BOC-ethvleaediamine 

Polymer 

To a suspension of Merrifield resin (30 g, 21 mmol) and NMP (200 mL) was added 
4-hydroxy-2-mettioxybenzaldehyde (6.4 g, 42 mmol) and K2CO3 (8.7 g, 63 mmol). The 
resulting mixture was heated at 120 "C with shaking for 16 h. The resulting Ught brown 
mixture was filtered and the resin was washed with H2O, NMP and CH2CI2. The resin was 
dried under vacuum at 40 "C for 12 h. 

To a suspension of the resin-bound aldehyde (30 g, 21 mmol) and (MeO)3CH (200 
mL) was added N-BOC-ethylenediamine (6.7 mL, 42 mmol). The resulting mixture was 
shaken at 23 °C for 12 h, filtered and washed with CH2CI2. The resin-bound imine was 
used immediately, slightly moist with CH2CI2. 

To a suspension of tiie resin-boimd imine (30 g, 21 mmol) and 
MeOH/CH2Cl2/HOAc (200 mL, 2:2:1) was added borane-pyridine complex (6.8 mL, 67 
15 mmol). The resulting mixture was shaken at 23 for 12 h, filtered and washed with NMP 
and CH2CI2. The resin was dried under vacuum at 30 °C for 12 h to yield polymer-bound 
N-BOC-etibylenediamine. 

Example 246 

Preparation of Pol vmer-bound f2aminoethvl)(5-nitror2-P vrid Yl» ainiTift 

20 Polymer 

To a suspension of polymer-bound N-BOC-ethylenediamine (30 g, 21 mmol), NMP 

(200 mL) and iPrzNEt (18.3 mL, 105 mmol) at 23 ''C was added 2-chloro-5-nitropyridine 

(16.6 g, 105 mmol). The resulting mixture was heated at 120 °C with shaking for 12 h, 

filtered and washed with NMP, H2O and CH2CI2. 
25 To the resin-bound, N-BOC-protected amine was added a solution of 2,6-lutidine 

and CH2CI2 (100 mL, 150 mmol), followed by a solution of TMSOTf and CH2CI2 (100 

mL, 100 mmol). The resulting mixture was shaken at 23 °C for 3 h, filtered and washed 

with MeOH, EtsN and CH2a2. The resin was air dried to yield polymer-bound 

(2aminoethyl)(5-nitro(2-pyridyl))amine. 
30 The air dried resin (10 mg) was suspended in 80% TFA/CH2C12 (1 mL) for 1 h, 

filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 

yellow residue. 

m/z 183 (MH+) 
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Example 247 

Preparation of Polvmer-boimd (2-r(5-nitro(2-pvridvl))aiiiinolethvnr(2- 

mtrophenvDsulfonyllainine 




To a suspension of resin-bound (2aminoethyl)(5-nitro(2-pyridyl))amine (30 g, 21 
mmol), CH2CI2 (250 mL) and iPr2NEt (18.3 mL, 105 mmol) at 23 °C was added 2- 
nitrobemzaiesulfonyl chloride (23.3 g, 105 mmol). The resulting mixture was shaken at 23 
"C for 6 h, filtered, washed with NMP, H2O and CH2CI2 and air dried to yield polymer- 
bound {2-[(5-nitn>(2-pyridyl))amino]efhyl}[(2-Ditrophenyl)sulfonyl]amine. 

The air dried resin (10 mg) was suspraided in 80% TFA/CH2CI2 (1 mL) for 1 h, 
filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 
yellow residue. 

m/z 368 (MH+) . *^ 

Example 248 

Preparation of Polvmer-bound r2-(dimethvlamino)ethvnf2-r(5-nitro(2- 
pyridyl'rtamino1ethvUr(2-nitrophenvl'>sulfonvnamine 




To a solution of Ph3P (11 g, 42 mmol) and CH2CI2 (20 mL) at 23 was added 
DIAD (6.6 mL, 42 mmol) and the resulting yellow solution was maintained at 23 °C for 30 
min. To this solution was added 2-(dimethylamino)-ethanol (4.2 mL, 42 mmol) and the 
resulting solution was maintained at 23 °C for 5 min. then added to a suspension of resin- 
bound {2-[(5-nitro(2-pyridyl))amino]ethyl}[(2-nitrophenyl)sulfonyl]amine (3.0 g, 2.1 
mmol) and CH2C12 (30 mL). The resulting mixture was shaken at 23 °C for 12h, filtered, 
washed with NMP, H20 and CH2C12 and air dried to yield polymer-bound [2- 
(dimethylamino)ethyl] {2-[(5-nitro(2-pyridyI))amino]ethyl } [(2-mtrophenyl)sulfonyl]amine. 

The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 
filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a Ught 
yellow residue 
m/z 439 (MH+) 
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Example 249 

Preparation of Polymer-bound dimethyir2'-({2-r(5-iiitro(2- 

pyridyl))ammo1ethyl}aniino)ethyna3iiine 

NMe2 

Polymer 

5 To a susp^ion of resin-bound [2-(dimefliylamino)ethyl]{2-[(5-nitro(2-pyridyl))- 

amino]ethyl}[(2-nitrophenyl)sulfonyl]amine (3.0 g, 2.1 mmol) and DMF (30 nnl.) at 23 ®C 
was added H2O (2 drops), K2CO3 (2.9 & 21 mmol) and PhSH (2.2 mL, 21 mmol). The 
resulting mixture was shaken at 23 °C for 12 h, filtered, washed with NMP, H2O and 
CH2CI2 and air dried to yield polymer-bound dimethyl[2-({2-[(5-nitro(2-pyridyl))amino]- 
10 ethyl}amino)ethyl]amine. 

The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 
filtered, washed with CH2CI2 (1 mL) and concentrated under a stream of air to yield a light 
yellow residue, 
m/z 254 (MH+) 

15 Example 250 

Preparation of Polymer-bound aniinor2-(dimethylamino)ethyn(2-r(5-nitro(2- 

pyridyl))amino1ethyl>carboxamidine hydrochloride 

NMea 

Polymer NH2 

To a suspension of polymer-bound dimethyl[2-({2-[(5-nitro(2-pyridyl))amino]- 
20 ethyl} amino)ethyl]amine (3.0 g, 2.1 mmol), NMP (30 mL) and iPr2NEt (3.7 mL, 21 nmiol) 

at 23 was added Ifl-pyrazole-l-carboxamidine hydrochloride (3.1 g, 21 mmol). The 

resulting noixture was heated at 90 "^C for 18 h, filtered, washed with NMP, H2O and 

CH2CI2 and air dried to yield polymer-bound amino[2-(dimethylamino)ethyl]{2-[(5- 

nitro(2-pyridyl))amino]ethyl}caiboxamidine hydrochloride. 
25 The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h, 

filtered, washed with CH2CI2 (1 mL) and concoitrated under a stream of air to yield a light 

yellow residue 

m/z 296 (MH+) 
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Example 251 

Preparation of r4-(2.4-DicMorophenvlV5-imida2olvlpvrimidin-2-vlir2-(dim^^^ 
ethvll (2-r(5-nitro(2-pvridvmainino1ethvUamine trihydrodilcride 



CI 




NMez 



To a suspension of resin-bound amino [2-(dimethylainino)e1iiyl]{2-[(5-nitro(2- 
pyridyl))amino]ethyl}-carboxamidine hydrochloride (3.0 g, 2.1 mmol) and NMP (30 mL) 
at 23 °C was added 7-methyl-l,5,7-triazabicyclo[4.4.0]dec-5-ene (1.5 mL, 10.5 nmiol) and 
l-(2,4-dichlorophenyl)-3-(dimefliylamino)-2-imidazolylprop-2-en-l-one (XVII, 1.3 g, 4.2 
mmol). The resulting mixture was heated at 120 °C for 20 h, filtered, washed with NMP, 
H2O and CH2CI2 and air dried to yield resin-bound [4-(2,4-dichlorophenyl)-5- 
imidazolylpyriimdin-2-yl][2-(dimethylamino)-ethyl] {2-[(5-nitro(2- 
pyridyl))amino]ethyl}amine trihydrochloiide. 

The resin was suspended in 80% TFA/CH2CI2 (30 mL) and shakeai at 23 **C for 1.5 
h, filtered and concentrated under a stream of air. The resulting crude material was 
purified by reversed-phase HPLC (gradient of 95:5 H20:MeCN to 5:95 H20:MeCN) and 
the recovered material was dissolved in MeCN/0.5M HQ (3 mL, 1:1), &ozea and 
lyophilized to yield a yellow solid, 
m/z 543 (MH+) 

Example 252 

Preparation of Polymer-bound l2-r(5-nitro(2-pvridymamino1elhvl>r(2- 
nitrophenyl)sulfonvl1f2-pvrrolidinvlethyl')amine 




Made using the same procedure as for polymer-bound [2-(dimethylamino)ethyl] {2- 
[(5-nitro(2-pyridyl))amino]efliyl}[(2-nitrophenyl)sulfonyl]amine except that l-(2-hydroxy- 
ethyl)pyrrolidine (4.9 mL, 42 mmol) was used, 
m/z 465 (MH+) 
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Example 253 

Preparation of Polymer-bound (5-mtro(2-pyridyl))|2r(2- 
PvriolidmYlethvl)apaino1ethyU ainine 




Polymer 



Made using the same procedure as for polymer-bound dimethyl[2-({2-[(5-iiitro(2- 
pyndyl))amino]e11iyl}amino)ethyl]ainine except that resm-bound {2-[(5-nitro(2-pyxidyl))- 
amuxo]efhyl}[(2-nitrophenyl)sulfonyl](2-pyrrolidinylefhyl)amm was used, 
m/z 280 (MH+) 

Example 254 

Preparation of Polymer-bound amino {2-r(5-mtro(2-pyridyl))amino1ethyl>(2- 
pyrrolidinylethyDcarboxamidine hydrochloride 




I I 
Polymer NH2 



Made using the same procedure as for polymer-bound amino[2-(dimethyl- 
ainino)ethyI]{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride excqpt that 
resin-bound (5-nitro(2-pyridyl)){2[(2-pyrrolidinylethyl)amino]ethyl}aniine was used, 
m/z 322 (MH4-) 

Example 255 

Preparation of r4-(2,4-Dichlorophenyl)-5-imida2olylpyrimidin-2-yl1 (2-r(5-mtro(2- 

pyridyl))amino1ethyl> (2-pvn:olidinylethyl)amine trihydrocbloride 

CI 
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Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
imidazolylpyriimdin-2-yl][2-(dimethylai]^ 

ainine trihydrochloride except that resm-bound amino {2-[(5-mtro(2- 
pyridyl))amino]etIiyl}(2-pyrroUdinylethyl)cart>oxamidine hydrochloride was used. 
5 m/z 569 (MH+) 

Example 256 

Preparation of Polymer-bound (2-morpholin"4-vlethyl){2-r(5-nitro(2- 
pyridyl))amino1efliyUr(2-nitrophenyl)sulfonvllamine 



N 




Polymer °2 

10 Made using the same procedure as for polymer-boxmd [2-(damethylamino)ethyl] {2- 

[(5-mtro(2-pyridyl))aniino]ethyl}[(2-mtrophenyI)sulfonyl]aniine except that 4-(2-hydroxy- 
ethyl)morpholine (5 . 1 mL, 42 namol) was used, 
m/z 481 (MH+) 

Example 257 

15 Preparation of Polymer-bound {2-r(2-morpholin-4-vlethyl)aminoletfavU(5-nitro(2- 

pyridyl))amine 

0 

Polymer 

Made using the same procedure as for polymer-boimd dim4thyl[2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl}amino)ethyl]amine except that resin-bound (2-morpholin-4- 
20 ylethyl) {2-[(5-nitro(2-pyridyl))amino]ethyl} [(2.nitrophenyl)sulfonyl]amine was used, 
m/z 296 (MH+) 
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Example 258 

Preparation of Polvmer-bound aitiino{2-morpholin-4"yletfavl)(2-r(5-nitro(2- 
pyridvl))aminoleflivl|carboxamidine hydrochloride 



o 



Polymer NH2 

5 Made using the same procedure as for polymer-bound amino[2-(dimethyl- 

aiiiino)ethyl]{2-[(5-hitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride except that 
resin-bound {2-[(2-morpholin-4-ylethyl)amino]ethyl}(5-nitro(2-pyridyl))amine was used, 
m/z 338 (MH+) 

Example 259 

10 Preparation of r4-(2,4-DicMorophenyl)-5-iniidazolylpyriniidin-2-yl1(2-morpholin-4- 

ylethyl) |2-r(5-mtro(2-pyridyl))aiiiino1ethyU amine trihydrochloride 




O2N 



Made using the same procedure as for [4-(2,4-dichlorophenyl)-5- 
inadda2olylpyrmudin-2-yl][2-(dimefhylamino)-ethyl]{2-[(5-nitro(2-p^ 
1 5 ethyl} anndne trihydrochloride except that resin-bound amino {2-morpholin-4-ylethyl) {2-[(5- 
nitro(2-pyridyl))aniino]efhyl}carboxaniidine hydrochloride was used, 
m/z 585 (MH+) 
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Example 260 

Preparation of 6-rf2-ir4-(2,4-DicMoropheDvlV5-(5-cMoro-2-oxohvdropvridvnpY "^'^^"- 
2-yl1ainino} e1hyl)ainmo1pyridine-3-caibonitrile hydrochloride 




5 To a solution of l-{2-(2,4-dichloropheiiyl)-l-[(dimethylamino)-methylene]-2- 

oxoethyl}-5-chlon>hydropyridin-2-one PCVHI, 482 mg, 1.3 mmol) and DMF (10 mL) at 23 
"C was added amino {2-[(5-<^ano(2-pyridyl))amino]ethyl}carboxamidme hydrochloride 
(337 mg, 1.4 mmol) followed by Cs2C03 (652 mg, 2.0 mmol) and the resulting mixture 
was heated at 100 °C for 16 h. The DMF was removed under reduced pressure and the 
10 resulting residue was purified by recrystalUzation (CH2C12/Et20/hexanes) to yield a 
yellow solid which was dissolved in MeCN/0.5M HQ (3 mL, 1:1), fix>zai and lyophilized 
to yield a yellow solid. 
m/z513(MH+) 

Example 261 

15 Preparation of ethyl 6-( l2-r(5-mtro(2-pvridvn)amino1etfavnaminoV-4-phenvlpvridine-3- 

caiboxylate 




1 f^J^^^^ - ' 

H 

1. Preparation of diethyl (2Z)-3-phenylpent-2-ene-l,5-dioate. 

A solution of iodobenzwie (1.08 ml, 9.67 mmol) in DMA (5 ml) was added 

20 dropwise to a solution of diethylglutaconate (2 g, 10.74 mmol), Pd(OAc)2 (250 mg, 1.07 
mmol), NaOAc (880 mg, 10.74 mmol) in DMA (5 ml) at 115 °C under argon. After 
heating for 8 hours at 130 »C, the reaction was cooled, diluted with CH2CI2 (60 ml), and 
washed with water (4 x 10 ml). The organic layo: was washed with sat aq. NaHCOs (20 
ml), brine (20 ml), dried with Na2S04, filtered, and concentrated under reduced pressure. 

25 The dark oil was purified by column chromatography using CH2CI2 as flie eluent The 
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product oil was dried overnight in vacuo giving diethyl (2Z)-3-pheaylpent-2-eae-l,5rdioate 
in 28% yield 

2. Preparation of diethvl f3EV2-(hvdroxvmethvlene)-3-phenvlpent-3'-eae-l,5-dioate. 

A stirred mixture of NaH (158.4 mg, 6.6 mmol) and ethyl formate (1,07 ml, 13.2 
5 mmol) in Et20 (5 ml) were refluxed mder argon for 15 min. Diethyl (2Z)-3-phenylpent-2- 
ene-l,5-dioate in EtaO (5 ml) was added dropwise to the above solution over 5 min at rt. 
The reaction was heated to reflux for 12 hours. The heterogeneous yellow mixture was 
diluted with Et20 (100 ml), washed with sat. NH4CI (40 ml), half sat. NH4CI (40 ml), brine 
(20 ml), dried with Na2S04, filtered, and concentrated under reduced pressure. The 
10 product diethyl (3E)-2-(hydroxymethylene)-3-phenylpent-3-ene-l,5-dioate was obtained in 
97% yield and could be used without further purification. . 

3. Preparation of ethyl 6-oxo-4-phenvlhydropvridine"3"Carboxvlate. 

A mixture of diethyl (3E)-2-(hydroxymethylene>3-phenylpent-3-ene"l,5-dioate 
(0.62 g, 2.13 mmol) was dissolved in gla. acetic acid (1 ml), toluene (1 ml), and abs. 

15 ethanol (3 ml). Anmionium acetate (0.07 g, 9.08 mmol) and flame dried 4A powder 
molecular sieves (0.4 g) were added to the stirred solution. The resulting mixture was 
stinred for 44-46 hours at 90-95 °C xmder argon. After 24 hours of heating, additional 
reagents were added including ammonixmi acetate (0.07 g, 9.08 mmol), acetic acid (1 ml), 
and flame dried 4A powder molecular sieves (0.4 g). On cooling EtOAc (80 ml) was 

20 added with stirring for 15 minutes. The sieves were filtered and washed with EtOAc (2 x 
10 ml). The filtrate was concentrated under reduce pressure. To the oiide material was 
added EtOAc (100 ird). The organic layer was then washed wifli distilled water (2 x 30 
ml), sat. aq. NaHCOa (30 ml), water (30 ml), brine (30 ml), dried with isra2S04, filtered, 
and concentrated under reduced pressure. The oil was purified by column chromatography 

25 using 5% MeOH in CH2CI2 as the eluent The product oil was dried overnight in vacuo 
giving ethyl 6-oxo-4-phenylhydropyridine-3-carboxylate in 72% yield. 

4. Preparation of ethvl 6-chloro-4-phenylpvridine-3-carboxvlate. 

To the dry ethyl 6-oxo-4-phenylhydropyridine-3-carboxylate (141 mg, 0.58 mmol) 
was added phosphorous oxychlpride (10 ml) followed by iV;Ar-dimefliylacetamide (1 drop). 

30 The reaction mixture was stirred for 12 hours at 100 °C under argon. The phosphorous 
oxychloride was removed und^ reduced pressure. The crude product was taken up in 
dichloromethane (2 x 25 ml), and the solvent was removed under vacuum. The glass was 
dried in vacuo 3-4 hour giving ethyl 6-chloro-4-phenylpyridine-3-carboxylate in 97% 
yield. The crude material is contaminated with phosphorous residue and is used with out 

3 5 further purifi cation. 



BhlSDOCID; <WO 0220495A2_L> 



wo 02/20495 



-226- 



PCTAJSOl/42081 



5. Preparati on of etfavl 6-(l24(5-mtror2 -pYridYl'^)«itiriin o1etfavUamino)-4-pheav lpvridm 
caifaoxylate 

The crude material above, ethyl 6-chloro-4-phenylpyridine-3-carboxylate (140 mg, 
0.56 mmol) was mixed with (2-aminoethyl)(5-mtro(2-pyridyl))amine (408 mg, 2.24 
5 mmol), Hiinig's base (390 vl), and DMA (2 ml) for 48 hotirs at 70-75 °C with stirring 
under argon. The reaction was followed by TLC and HPLC. When judged complete, the 
reaction was diluted with EtOAc (100 ml) and washed with sat. aq. NaHCOs (5 x 30 ml), 
(30 ml), dried with Na2S04, filtered, and concentrated under reduced pressure. The 
yellow solid was purified by column chromatography using 5% MeOH in CH2CI2 as tiie 
10 eluent The product was dried ovami^t in vacuo giving ethyl 6-({2-[(5-nitro(2- 
pyridyl))amino]ethyl}amino)-4-phenylpyridine-3-carboxylate in 70% yield. 
HPLC: 3.52 min (>95% purity) (HP-1 method) 
f) MS: M+H = 408.2 (C2iH2iN504+H = 408) 

Example 262 

15 Preparation of r5-((lE)-l-aza-2-morpholin-4-vlprop-l-envn-4-(2.4- 

dichloropbemy1)pYri midin-2-vl1l2-r(6-amino-5-mtrof2-pvridyl))amino1ethyl|amine 



CI 




N N NH2 



A. 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isomdolme- 1 ,3-dione 



II 
O 



1 mmol of 2,4-diehlorophenacyl chloride in DMF was added drop wise to 2 mmol 
20 of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
then the reaction nwxture was concentrated in vacuo and diluted with water and ethyl 
acetate. The ethyl acetate layer was concentrated and then purified by trituration with 
diethyl ether. 

B. 2- (2-(2.4-di chlorophenvlV 1 ■r(dimethvlamino^methvlene1-2-oxoethvU isoindoline- 1 3- 
25 dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoefliyl]isoindoline-l,3-dione was heated 
to 80^*0 in N,N-dimethylfonnamidedimethyl acetal for six hours. The reaction mixture was 
concentrated in vacuo and pmified by trituration with diethyl ether. 
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C. 2'(N-\2-( |24(6>amino-S>mtro(2-pvridvl))amino1ethvnammo)^^ 
dicMorophenvl)pvriimdin-5-yl1carbamoyl>be^ acid 

1 nunol of 2-{2-(2,4-dicliiorophenyl)-l-[(dimethylamino)methylOT^ 
isoindoline-l,3-dione, 1 mmol of aiiiino{2-[(6-ammo-5-nilTo(2-pyridyl))ainino]efe^ 
5 carboxamidine, and 3 nunol of CS2CO3 were dissolved in DMF and heated to 90°C for 
fourteen hovirs. The reaction mixture was concentrated in vacuo and diluted with water and 
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over 
sodium sulfate. 

D. 2-r2-( (2-r(6-amino-5-nitro(2-pvridyl))amino1ethyl> amino)-4"(2^4- 
10 dichlorophenyl)pyrimidin-5 -yllisoindoline- 1 ,3 -dione 

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino3ethyl}amino)-4-(2,4'- 
dichlorophenyl)pyrimidin-5-yl]carbatnoyl}ben2oic acid was heated to 120°C in glacial 
acetic add for four hours and concentrated in vacuo. 

E. r5-aniino--4-(2,4"dichlorophenvl)pvrimidin-2-yl1 (2-r(6"amino-5-mtro(2> 
15 pyridyl))amino1ethyl} amine 

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2"pyridyl))aniino]ethyl}amino)-4-(2,4- 
dichlorophenyl)pyriinidin-5-yl]isoindoline-l,3-dione and 20 mmol of hydrazine were 
stirred in ethanol at 75°C for two hours and purified by column chromatography eluting 
with 5- 1 0% methanol/methylene chloride. 

20 F. N-r2-(|2-r(6-amino-5-nitro(2~pvridvl))amino1ethyUaminoM-(2.4- 

dichlorophenvl)pyrimidin-5-yl1acetamide 

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2-[(6-amino-5-nitr^ 

pyridyl))amino]ethyl} amine and 1 mmol of acetic anhydride were stirred at room 

temperature for four hours in THF. The reaction mixture was concentrated in vacuo and 
25 diluted with water and ethyl acetate. The solution was extracted three times with ethyl 

acetate, dried over sodium sulfate, and purified by column chromatography eluting with 5- 

1 0% methanol/methylene chloride. 

G. l-(r2-( |24(6-amino-5-nitro(2->pvridvl))amino1ethynaniinoM-(2.4- 
dichlorophenyDpyrimidin-S-ynamino I ethane- 1 -thione 

30 1 nmiol of N-[2-({2-[(6-aniino-5-nitro(2-pyridyl))amino]ethyl}anndno)-4-(2,4- 

dichlorophenyl)pyrimidin-5-yl]acetamide and 2 mmol of Lawesson's reagent v/ere stirred 
in 2 ml of DME at 80°C The reaction mixture was concentrated in vacuo and diluted with 
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried 
over sodium sulfate, and purified by column chromatography eluting with 5-10% 

35 methanol/methylene chloride. 
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H. r5-(n ZVl -aza-2-morpholin-4-^vlproP"l -envl)-4-(2,4-didilorophenvl)p\^^ {2. 
r(6-amino-5-nitro(2-pvridvl))aimno1ethvl} ainine 

1 mmol of 1- {[2-({2-[(6-amino-5-nitro(2-pyridyl))ammo]ethyl}ainin 
dicMorophenyl)pyriinidin-5-yl]amino} ethane- 1-tW was heated to 90°C in morpholine 
5 and purified by column chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 9.75min. (100% purity) 
MS: MH^= 546.3 

Example 263 

Preparation of (2-r(6-aniino-5-mtro(2-pvridvn)aniinolethvUr6-a,4-dichlorophenvlV5- 
10 nitro(2-pvridyl)1anGdne 

O 




A. 2-(2,4-dichlorophenyl)-6'Chloro-3"mtropyridine 

1 mmol 2,6-dichloro-3-mtropyridine, 1.05 nmiol of 2,4-dichlorobenzeneboromc 
add, and 3 mmol of Na2C03, were dissolved in 1.5 ml THF and 0.5 ml water and purged 
15 with nitrogen- 0.05 mmol of [l,r-Bis(diphenylphosphino)-ferrocne]dichloropalladium(II) 
was added to reaction and stirred at room temperature under nitrogen for fourteen hours. 
The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. 
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and 
purified by colmnn chromatography eluting with 10% ethylacetate 90% hexanes. 




20 B . (2-aminoethylX6-amino-5-nitro( 2-pvridvl))amine 



1 mmol of 2-amino-6-chloro-3-nitropyridine and 15 mmol of 1,2-diaminoethane 
were stirred at reflux for fourteen hours. The reaction noixture was concentrated in vacuo 
and solution of 1.5 mmol of NaOH in water was added. This solution was extracted twice 
with 95%/ 5% methylene chloride/ methanol. The aqueous was then saturated with salt and 
25 extracted twice with 95%/ 5% acetonitrile/ methanol and then finally extrated twice with 
95%/ 5% ethylacetate/ methanol. All organic firactions were combined and dried over 
sodium sulfate. 

C. |2-r(6-amino-5-nitro(2-pvridymamino1ethvU r6-(2,4-dichlorophenvl)-5-nitro(2- 
pyridyDlamine 

30 1 inmol of 2-(2,4-dichlorophenyl)-6-chloro-3-nitropyridine was taken with 2 mmol 

of (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine and 3 mmol of N,N- 
diisopropylethylamine in 2 ml of DMF at 80°C for two hours. The reaction mixture was 
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concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted 
three times with ethyl acetate, dried over sodium sulfate, and purified by colunm 
chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 8.698min. (100% purity) 
MS: Mir'= 464.1 

Example 264 

Preparation of 6-r2-(|2-r(6-ainino-5>nitro(2-pyridVl))anciino1ethyUamino)-4-(2,4- 

dicMorophenvl)pvrirmdin-5-yl1-3-pyrrolinor3,4-b1pvridine"5,7-dione 

NH2 _ ' 




10 A. 2"r2-(2,4-dichlorophenyl)-2-oxoethynisoindoline-l ,3-dione 

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol 
of phthalimide and 2 mmol of CS2CO3 in DMF at room temperature for fourteen hours and 
then the reaction mixture was concentrated in vacuo and diluted with water and ethyl 
acetate. The ethyl acetate layer was concentrated and then purified by trituration with 

15 diethyl ether. 

B. 2-{2-(2,4-dicMorophenylVl-f(dimethvlaiiiino)methvlene1-2-oxoethyl>isoindoline-l,^ 
dione 

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-l,3-dion was heated to 
80**C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction nwxture 
20 was concentrated in vacuo and purified by trituration with dietibyl ether. 

C. 2- (N-r2-( 1 2>^(6-amino-S-mtro(2-pyridv^)amino^ethyUa^lmo)-4-(2.4- 
dichlorophenyl)py^imidin-5-ynca^bamoyUbenzoic acid 

1 mmol of 2-{2-(2,4-dichlorophenyl)-l-[(dimethylamino)methylene]-2- 
oxoethyl}isoindoline-l,3-dione, 1 mmol of ainino{2-[(6-amino-5-nitro(2-pyridyl))aixuno]- 
25 ethyl} carboxamidine, and 3 mmol of CS2CO3 were dissolved in DMF and heated to 90°C 
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water 
and ethyl acetate. The solution was extracted three tknes with ethyl acetate and dried over 
sodium sulfate. 
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D. 2-r2-((2-r(6-ainino-S-mtroa-pvridvmamino1ethvUaim^ 
dicMorophenyl)pvrimidin-5-yl1isoindolme- 1 ,3-dione 

1 nrniol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amm^ 
dicUorophenyl)pyrimidin-5-yl]carbamoyl}ben2oic acid was heated to 120°C in glacial 
acetic acid for foinr hoursand then concentrated in vacuo. 

E. r5-aDjdno-4-(2.4-dichlorophenvnpvrinMdin-2-yl1 (2-r(6-amino-5-nitro(2- 
pyridyl))amino1etfavl} amine 

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- 
dichlorophenyl)pyriinidin-5-yl]isoindoline-l,3-dione and 20 mmol of hydrazine were 
stirred in.eflianol at 75°C for two hours and then purified by column chromatography 
eluting with 5-10% meflianol/methylene chloride. 

F. 6-r2-(|2-r(6-amino-S-nitro(2~pyridyl))aiiMnolethyUamino)-4-(2.4- 
dicMorophenyl)pvrimidin~5^yl1-3-pyrrolinor3,4-b1pyridine-5.7-dione 

1 mmol of [5-anpLino-4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2-[(6-amino-5-iiitro(2- 
pyridyl))amino]ethyl} amine, and 2 mmol of furano[3,4-b]pyridine-5,7-dione were stirred 
at room temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N- 
diisopropylethylamine were added to solution and left for six hours at room temperature. 
The reaction mixture was concmtrated in vacuo and diluted with water and ethyl acetate. 
The solution was extracted fliree times with ethyl acetate, dried over sodium sulfate, and 
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 
HPLC: 7.829min. (97.32% purity) 
MS: MH^^ 566.0 

Example 265 

Screening for GSK3 Inhibitory Activity Using a Cell-Free Assay 
Pyrimidine and pyridine compounds of the present "invention were dissolved in 
DMSO, then tested for inhibition of human GSK3p (the nucleotide sequence for human 
GSK3p appears in GenBank under Accession No. L33801). Expression of GSK3P is 
described, for example, in Hughes et al., Eur. J. Biochem., 203:305-11 (1992), which is 
incorporated herein by reference. 

An aliquot of 300 ^il of substrate buffer (30 mM tris-HCl, 10 mM MgCk, 2 mM 
DTT, 3 ^ig/ ml GSK3P and 0.5 pM biotinylated prephosphotylated SGSG-linked CREB 
peptide (Chiron Technologies PTY Ltd., Clayton, Australia) was dispensed into wells of a 
96 well polypropylene microtiter plate. 3.5 pil /well of DMSO containing varying 
concentrations of each compound to be assayed or staurosporine (a known kinase inhibitor 
used as a positive control, or a negative control (i.e., DMSO only), was added and mixed 
thoroughly^ The reactions were then initiated by adding 50 jil/well of IpM unlabeled 
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ATP and 1-2 X 10' cpm y"P-labeled ATP, and the reaction was allowed to proceed for 
about three hours at room temp«ature. 

While the reaction was proceeding, streptavidin-coated Labsystems "Combiplate 8" 
capture plates (Labsystems, Helsinki, Finland) were blocked by incubating them with 300 
5 fil/well of PBS containing 1% bovine serum albumin for at least one hour at room 
temperature. The blocking solution was then removed by aspiration, and tiie capture plates 
were filled with 100 ^l/well of stopping reagent (50 ]xU ATP/20 mM EDTA). 

When the three hour enzyme reaction was finished, triplicate 100 \j1 aliquots of 
eadi reaction mix were transferred to three wells containing stopping solution, one well on 
10 each of the three capture plates, and the well contents were mixed well. After one hour at 
room temperature, the wells of the capture plates wore emptied by aspiration and washed 
five times using PBS aod a 12 channel Coming 430474 EUSA plate washer. Finally, 200 
111 of Microsdnt-20 scintillation fluid was added- to eadi well of the plate. The plates were 
coated with plate sealers, then left on a shaker for 30 minutes. Eadi capture plate was 
15 counted in a Padcard TopCount sdntillation counter (Meridian, Connecticut) and the 
results were plotted as a ftmction of compound concentration. 

Compounds of the present invention were then screened for inhibitory activity 
against GSK3 according to this assay. The following compounds exhibited IC50S of 10 jiM 
or less with respect to GSK3 in this cell-firee assay: (4-phenylpyrimidin-2-yl)(2-(2- 
20 pyridyl)ethyl)amine, (4-phenylpyrimidin-2-yl)[2-(2-pyridylamino)ethyl]amine, [2-(2- 
pyridylamino)ethyl](4-(3-pyTidyl)pyrimidin-2-yl)amine,4-{2-[(2-(2-pyridyl)ethyl)- 
amino]pyTimidin-4-yl}benzenecarbonitrile,4-{2-[(4-pyridyhnethyl)amino]pyTiimdm-4- 
yl)benzamide, 4-{2-[(3-imidazol-5-ylethyl)ammo]pyrimidin-4-yl}b«izamide, 4-(2-{[2-(2- 
pyTidylamino)ethyl]ainino}pyriinidin-4-yl)berizenecaiboiutcile,4-methyl-2<{2-[(5-m^ 
25 pyTidyl))amino3ethyl}amino)pyrimidine-5-carboxyHcacid, 4-(2-{[(3-methylphenyl)- 
methyl]arnino}pyrimidin-4-yl)benzamide,4-(2-{[(4-aminophenyl)methyl]aniino}- 
pyrimidin-4-yl)benzaimde,(5-elhyl-4-phenylp3nrimidin-2-yl)[2-(2-pyTidylamino)e&^ 
amine, 4-(2-{[(5-methylpyiarin-2-yl)methyl]amino}pyrmiidin-4-yl)benzaniide, 4-{2-[(3- 
phenoxypropyl)amino]pyrimidin-4-yl}phenol, 4- {2-[(3-miidazolylpropyl)amino]- 
30 pyrimidin-4-yl>benzamide, [4-(3,4-difluorophenyl)pyrimidin-2-yl][2-(2-pyridylamino)- 
ethyl]amine, 4-(2-{[(4-cyanophenyl)methyl]amuio}pyrimidin-4-yl)benzamide,4- {2-[(2- 
phenoxyethyl)amino]pyrimidin-4-yl>benzamide, 4-(2-{[(3-methoxyphenyl)methyl3- 
amino}pyrimidin-4-yl)benzamide, 4-(2- {[(4-methoxyphenyl)methyl]amino}pyrimidin-4- 
yl)benzamide, 4-(2- {[2-(4-fluorophenyl)ethyl]amino}pyrimidin-4-yl)benzamide, [2-(2,5- 
35 dunethoxyphenyl)ethyl](4-(3-pyridyl)pyrimidin-2-yl)amme, [4-(4-nitrophenyl)pyrimidin- 
2-yl][2-(2-pyridylamino)ethyl]amine, {2-[(5-nitro(2-pyridyl))amino]ethyl}(4-pyrazin-2- 
ylpyrimidin-2-yl)amine, ethyl 4-(2-ftiryl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5- 
carboxylate,4-(2-{[(3-chlorophenyl)methyl]amino}pyrirnidin-4-yl)benzamide, [4-(4- 
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chlorophenyl)-5-methylpyriinidin-2-yl][2-(2-pyri 

ben2iiiiidazolylpropyl)aiiiino]pyriniidin-4-yl}phen^ 4- {2-[(4-phenylbutyl)amino]- 
pyriniidin-4-yl}benzaimde, 4.(2-{[2-(3-mefhoxyphenyl)ethyl]amino}pyrimidin-4-yl^^ 
benzamide, 4-{2-[(3-phenoxypropyl)aniino]pyriinidin-4-yl}benz^ 4-(2-{[(3-nitro- 
phenyl)methyl]amino}pyrimidin-4-yl)benzamide, 4-[2-( {2-[(5-nitro-2-pyridyl)- 
anaino]ethyl}aixiino)pyrimidm-4-yl]phenol, 3-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl}- 
amino)pyrimidm-4-yl]phenol, 4-(2- {[2-(3-cMorophenyl)e&^ 

yl)benzainide, 4-{2-[(naph1hylmethyl)amino]pyrimid^ [5-(4-fluoro- 
pheaiyl)pyriinidin-2-yl] {2-[(5-mtro(2-pyridyl))ainino]ethyl}ainine, 4-(2-{[3-(4-chloro- 
phenoxy)propyl]amino}pyriinidm-4-yl)phenol, [4-(4-iimdazolylphenyl)pyriimdin-2-yl][2 
(2-pyridylainino)efhyl]amine, 4-(2- {[3-(2-aniinobenzimidazolyl)propyl]aimno}pyi^ 
4-yl)pheiiol, 4-(2- {[2-(2,5-dimethoxyphenyl)ethyl]amino}pyriinidin-^ 
caibonitrile, [4-(2,4-dicMorophenyl)pyriimdin-2-yl][2<2- 3-[2- 
({2-[(5-mtro-2-pyridyl)amino]ethyl}amino)pyrimi^ 4-(2-{[3- 
(3-methyIphenoxy)propyl]amino}pyrimidin-4-yl)beiizaimde, 4-{2-[(2-(2H-benzo[3,4- 
d] 1 ,3-dioxolen-5-yl)ethyl)amino]pyrimidin-4-yl}beiizamide, 4-(2- {[2-(4- 
m1rophenyl)ethyl]amino}pyrimidm-4-yl)benzaimde, 4-(2-{[(2,6-dimethoxyphenyl)- 
methyl]ammo}pyriinidm-4-yl)benzamide, 4-(2-{[(3,4-dimethoxyphenyl)methyl]ammo}- 
pyrimidin-4-yl)benzamide, [2-({2-[(5-nitro(2-pyridyl))ainmo]ethyl}amino)pyrimidin-^^ 
yl]ben2ylamine, ethyl 4-(4-fluorophenyl)-2-[(2-(2-pyridyl)ethyl)ainino]pyri^ 
carboxylate, [4-(2,4-dimethyl(l 3-tWazol-5-yl))pyrimidin-2-yl] {2-[(5-m1ro(2-pyridyl))- 
aminojethyl} amine, [4-(4-me1hyl-l-phenylpyrazol-3-yl)pyrinudin-2-yl][2-(2-^ 
amino)ethyl]amine, 4-[2-({[3-(trifluoromethyl)phenyl]methyl} aiiiino)pyrimidin-4-yl]- 
ben2amide, 4-[2-({[4-(trifluoromethyl)phenyl]methyl}amino)pyr^ ^ 
(2- {[(3,5-dicWorophenyl)me1hyl]amino}pyriim 4- {2-[4- 

benzylpiperazinyl] pyrimidm-4-yl}benzamide, 4-(2- {[(2,4-dichloropheayl)mefhyl]- 
aimno}pyrimidin-4-yl)benzainide, ethyl 4-(4-cyanophenyl)-2-[(2-(2-pyridyl)ethyl)ainino] 
pyrimidine-5-carboxylate, [2-(2-pyridylamino)ethyl] {4-[4-(trifluoromeflioxy)- 
phenyl]pyriimdin-2-yl}ainine, {6-[(2-methoxyethyI)ainino]-5-mtro(2-pyridyl)} {2-[(5- 
nitro(2-pyridyl))amino] ethyl} amine, 4-(2-{[3-(3-methoxyphenoxy)propyl]- 
ainino}pyrimidin-4-yl)benzanude, ethyl 4-(4-methoxyphenyl)-2-[(2-(2- 
, pyiidyl)ethyl)aniino]pyriniidine-5-carboxyIate, [(3-methylphenyl)methyl][2-({2-.[(5-nitro- 
(2-pyridyl))amino]ethyl} anndno)pyrimidin-4-yl]amine, 4-(2- {[3-(4-phenylinudazolyl)- 
propyl]amino}pyrinaidin-4-yl)ben2enecarbonitrile, 4- {2"[(3-benzimidazolylpropyl)- 
amino]pyriniidm-4-yl}-2-cWorophenol, 4-[2-({3-[4-(2,4-dicWorophenyl)imi^ 
propyl} ammo)pyrimidin-4-yl]benzaniide, 4-[2-( {3-[4-(3-methoxyphenyl)iniida2olyl]- 
propyl} aniino)pyrunidin-4-yl]ben2aimde, (3-benzimidazolylpropyl)[4-(4-imidazolyl- 
phenyl)pyriinidin-2-yl]amine, N- {4-[2-({2-[(5.nitro-2-pyridyl)amm 
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pyrimidin-4-yl]phenyl} acetamide, 4-(2- {[3-(4-cUorophenoxy)propyI]amino}pyrimidin-4- 
yl)benzainide, 4-(2-{[(4-bromophenyl) methyl] amino}pyriinidin-4-yl)ben2aii)ide, 4-[2- 
({[4-(4-fluorophenyl)phenyl] methyl} ainino)pyriimdin-4-yl]beiizaimde, 4-(2-{[(3- 
bromophenyl)methyl]amino}pyrimidin-4-yl)ben2amide, 6- {[2-( {5-mtro-6-[benzylamino]- 
5 2-pyridyl}amino)ethyl] ainino}pyridine-3--carbomtrile, ethyl 4-(4-cyanophenyl)-2-{[2- 
(pyrimidin-2-ylainino) ethyl]axiiino}pyrimidine-5-carboxylate, 4-{2-[4-(2-methoxy- 
phenyl)piperazinyl] pyriimdin-4-yl}benzamide, 4-(2- {[2-(benzothia2ol-2-ylammo)- 
ethyl]aimno}pyriimdin-4-yl)benzainide, ethyl 4-(3-nitrophenyl)-2-[(2-(2-pyridyl)ethyl)- 
a]xiino]py]jmidiiie-S-carboxylate, 6-methyl-2-({2-[(5-mtro(2-pyridyl))amino]ettiyl}ammo)- 

1 0 4-phenylpyriimdine-5-carboxylic add, 4- {2-[(2,2-diphenylethyl)amino]pyrimidin-4-yl}- 
benzamide, 4-(2- {[(3,4,5-trimethoxyphenyl)methyl]amino}pyrimidin-4-yl^^ 
methyl 2-( {2-[(5-mtro(2-pyridyl))amino]ethyl} amino)-4-(3-pyridyl)pyrimidine-5- 
ca3rboxylate, 4-[2-({[3-(3-aminophenyl)phettyl]methyl} amino)pyrimid]n-4-yl]beiizamide, 
4-[2-({[4-(3-amiiiopheiiyl)phenyl]methyl} amino)pyrimidin-4-yl]benaamide, 4-{2-[(3-(2- 

15 naphthyloxy)propyl)ainino]pyru3iidin-4-yl}benzamide, 4-{2-[(3-(6-qiiinolyloxy)propyl) - 
amino]pyriinidin-4--yl}benzamide, [(3-chlorophenyl)methyl][2-({2-[(5-nitro(2-pyridyl)) - 
amino] ethyl} amino)pyrimidin-4-yl] amine, [(4-chlorophenyl)methyl] [2-( {2-[(5-nitro(2- 
pyridyl))amino]ethyl}amino)pyiimidin-4-yl]amine, ethyl 4-(4-cyanophOTyl)-2-{[2-(3- 
methoxyphenyl)ethyl]amino}pyrimidine-5--carboxylate, ethyl 2-({2-[(5-amino(2- 

20 pyridyl))amino]ethyl} amino)-4-(4-cyanophenyl)pyriniidine-5-carboxylate5 4-[5-niiro-2- 
({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)pyriniidin-4-yl]ben2eneca^^ ethyl 4- 

[2-( {2-[(5-nitro-2-pyridyl)anaino]ethyl} an3ino)pyrimidin-4-yl]benzoate, ettiyl 4-(3- 
nitrophenyl)-2- {[2-(2-pyridylainino)ethyl]ainino}pyrimidine-5-caib N-benzyl(4- 
{2-[(2-(2-pyridyl)ethyl)aniino]pyrimidin-4-yl} phenyl)caiboxanaide, {2-[(5-nitro(2- 

25 pyridyl))amino]efliyl} {5-nitro-6-[benzylamino](2-pyridyl)} amine, 4-(2-mefhoxyphenyl)-2- 
({2-[(5-nitra(2-pyridyl))amino]efhyl}aniino)pyriini acid, 4-[2-({[3-(3- 

methoxyphenyl)phenyl]mefhyl} amino)pyrimidin-4-yl]benzamide, 4-[2-( {2-[(5-nitro-2- 
pyridyl)amino]ethyl} ainino)pyriinidin-4-yl]benzenesulfonanude, 4-(2- {[3-(2,4-dichloro- 
phenoxy)propyl]amino}pyrimidin-4-yl)bCT2amide, 4-(2-{[3-(3,4-dichlorophenoxy) - 

30 propyl]amino}pyiimidin-4-yl)benzamide, 4-(2-{[3-(3-phenylphenoxy)propyl] - 
anaino}pyrinudin-4-yl)benzamide, 4-(2- {[(3- {3-[(methylamino)methyl]phenyl}- 
phenyl)methyl]amino}pyrimidin-4-yl)benzamide, ethyl 4-(3-fluorophenyl)-2-({2-[(5- 
nitro(2-pyridyl))ainino]ethyl} amino)pyrimidine-5-carboxylate, [4-phenyl-5-ben2yl- 
pyrimidin-2-yl][2-(2-pyridylamino)ethyl]amine, 4-(2-{[3-(3-bromophenoxy)propyl] - 

35 amino}pyrimidin-4-yl)benzamide, 4-[2-( {2-[(5-nitro(2-pyridyl))amino] ethyl} amino)-5- 
phenylpyrimidin-4-yl]phenol, 4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino] - 
ethyl} aniino)pyrimidine-5-carbonitrile, 4-(3,4-dichlorophenyl)-2-({2-[(5-mtro(2- 
pyridyl))amino] ethyl} aimno)pyrimidine-'5-carboiutrile, 6-[(2- { [4-(4-cyanophenyl)-5- 
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(ethoxycarbonyl)pyiimidin-2-yl]amino}ethyl)aiiuno]pyridme-3-car^ acid, ethyl 4-(3 
cyanophenyl)-2-( {2-[(5-mtro(2-pyridyl))aimiio3ethyl} amino)pyriniidine-5-carboxylate, 
[(3,5-dichlorophenyl)methyl][2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyriini 
yljamine, [(2,4-dichlorophenyl)methyl][2-({2-[(5-nitro(2-pyridyl))ammo]ethyl}aniino)- 
pyriinidm-4-yl]amine, ethyl 4-(4-caibamoylphenyl)-6-ethyl-2- {[2-(2-pyridylamino)ethyl]- 
ainino}pyriimdine-5-carboxylate, ethyl 4-(4-caibamoylphenyl)-6-ethyl-2-{[2-(pyrimidin-2 
ylaimno)ethyl]ainino}pyrimidine-5-carboxylate, etiiyl 4-(3,4-dnnethylphenyl)-2-({2-[(5- 
mtro(2-pyridyl))anuno]ethyl}amino)pyriimdme-5-caAoxylat^N-(2-mefe 
({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyTuMdin-4-yl]phaiyl}carboxamide, 4-{2- 
[({3-[3-(acetylamino)phenyl]phenyl}methyl) ammo]pyrimidm-4-yl}braizamide, ethyl 4-(4 
cyanophenyl)-2- {[2-(2-quinolylamino) ethyl]aniino}pyrimidine-5-carboxylate, 4- 
bis(trifluor(methyl)phenyl]methyl}amino)pyTimidm-4-yl]benzamide, efliyl 4-(2,4- 
difluorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}ainino)pyrimidm 
(4-{[(3-bromophenyl)methyl] amino}pyriinidin-2-yl){2-[(5-nitro(2-pyridyl))ajiiino]ettiyl}- 
amine, 2-( {2-[(6-amino-5-iiitro(2-pyridyl)) amino]ethyl} amino)-4-(3,4- 
dichlorophenyl)pyTimidine-5-carbonitrile,methyl 6-[(2-{[4-(4-cyahophenyl)-5-(ethoxy- 
carbonyl)pyriinidin-2-yl]amino} ethyl)ainmo]pyridine-3-carboxylate, 4- {2-[( {3-[3- 
(trifluoromethyl)phenyl] phenyl}methyl)amino]pyrmudm-4-yl}benzaimde, [4-(4- 
benzhnidazolylphenyl) pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}ainine,ethyl 2- 
({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)-4-(3-mtrophenyl)pyiinudme-5-caA 
ethyl 4-naphthyl-2-( {2-[(5-iiitro(2-pyridyl))amino]ethyl} ainino)pyrimidiiie-5-carboxylate, 
ethyl 2-( {2-[(5-mtro(2-pyridyl))aiiiino]ethyl} aiiuno)-4-(3-qviinolyl)pyrimidme-5- 
carboxylate, ethyl 4-(4-cyanophenyl)-2-[(2- {[5-(N-elhyicarbamoyl)(2-pyridyl)]aiiiino}- 
ethyl) ainino]pyrimidine-5-caiboxylate, ben2yl{[4-(2-{[2-(2-pyridylammo)ethyl] - 
aiii3no}pyrimidm-4-yl)phenyl]sulfonyl}ainine, ethyl 4-(4-qranoph«iyl)-2-[(2-{[6- 
(methylamino)-5-nitro(2-pyridyl)]ammo} ethyl)amino]pyriimdine-5-carboxylate, {4-[2- 
({2-[(5-mtro(2-pyridyl))ammo]ethyl}amino)pyrinudin-4-yl]phenyl}-N- 
yhnethyl)carboxamide,N-(l-caibamoyl-2-phenylethyl)[4-methyl-2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl} ammo)pyriinidm-5-yl]caiboxamide, N-(l-caihamoyl-2-phraiyl- 
ethyl)(4-{2-[(2-(2-pyridyl)ethyl)amin6]pyrimidin-4-yl}phenyl)cari>oxairdde, ^yl 4-(3,4- 
dimethoxyphenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} animo)pyrimidme-5- 
. carboxylate, {4-[2-( {2-[(5-mtro(2-pyridyl))amino]ethyl} amino)pyrimidm-4-yl]phenyl} -N- 
ben2ylcarboxainide, {4-[2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}amino)pyrimidin-4- 
yl]phenyl}-N-(3-pyridyhnethyl)carboxamide, {4-[4-(4,5-dichloroimidazol-2-yl)phenyl]- 
pyrimidm-2-yl} {2-[(5-nitro(2-pyridyl))aiimio]ethyl} amine, ethyl 4-(4-butoxyphenyl)-2- 
({2-[(5-nitro(2-pyridyl))aimno]ethyl}ainino)pyrimidine-5-carboxylate, ethyl 4-{[(2- 
cMorophenyl)methyl]amino}-2-({2-[(5-nitro(2-pyridyl))ainino]ethyl}aimno)pyriimdm^^ 
carboxylate, 6-(2-fluorophenyl)-2-( {2-[(5-nitro(2-pyridyl)) amino]ethyl} ainino)-4-phenyl- 
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pyrimidine-S-carboxylic acid, {4-[2-({2-[(5-nitro(2-p)rridyl))amino]elhyl}amino)- 
pyrimidin-4-yl]phenyl}-N-(2-thienylmethyl)ca^^ ethyl 2-({2-[(5-nitro(2- 

pyridyl))amino]efliyl} aiiiino)-4-[3-(trifluoromethyl)pheiiyl] pyriinidine-5-caiboxylate, 
ethyl 4-(3,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl)) ainino]ethyl}ammo)pyrimidine-5- 
5 carboxylate, ethyl 4-(3,5-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))airdno]ethyl}aiiim 
pyrimidine-S-carboxylate, {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyriinidin-4- 
yl]pheayl}-N-(4-piperidylmethyl)carboxainide, (6- {[(2,4-dichlorophenyl)methyl]amino}- 
5-mtro(2-pyridyl)) {2-[(5-mtro(2-pyridyl)) amino]ethyl} amine, ethyl 4-(4- 
caibamoylphenyl)-6-ethyl-2-({2-[(3-nitro(2-pyridyl)) amino]ethyl}ainino)pyxiniidine-S- 

10 carboxylate, ethyl 4-[4-(diethylamino)phenyl]-2-({2-[(5-mtro(2-pyridyl))amino]et^ 
ainino)pyriinidine-5-carboxylate, {4-[2-({2-[(5-iiitro(2-pyridyl))anuno]ethyl}ainino)- 
pyriimdin-4-yl]phenyl} -N-(2-phenylethyl)carboxaimde, N-[(3-inethylphenyl)methyl] {4- 
[2-({2-[(5-mtro(2-pyridyl))aiiiino]ethyl}aniino)^ 
[(5-mtro(2-pyridyl))amino]ethyl}amino)-4-(2,4,6-tricUorophOT^ 

15 acid, ethyl 2~({2-[(5-nitro(2-pyridyl))amiiio3 ethyl} ainino)-4-(4-phenylphenyl)pyriinidine- 
5-carboxylate, {4-[2-( {2-[(6-aimno-5-mtro(2-pyridyl))amino]ethyl} ainino)pyriinidiii-4-- 
yl]phenyl}-N-ben2ylcarboxainide, N-[(5-methylpyrazin-2-yl)methyl] {4-[2-({2-[(5-iiitro(2- 
pyridyl))amino]ethyl}ainino) pyriinidin-4-yl]phenyl}carboxamide, N-[(3- 
fluorophenyl)methyl] {4-[2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} aniino)pyriimdin-4-yl]- 

20 phenyl} carboxamide, ethyl 2-({2-[(5-mtro(2-pyridyl))amino]efhyl}ammo)-4-(4-sulfamoyl^ 
phenyl)pyiiirddine-5-carboxylate, N-[(4-fluorophenyl)methyl] {4-[2-( {2-[(5-mtro(2- 
pyridyl))amino]ethyl }amino)pyrimidin-4-yl]phenyl} carboxamide, [4-(2- { [(3-bromo- 
phenyl)methyl]aiiiino}pyTimidin-4-yl)phenyl]-N-[(3-methylphenyl)meA^ 
ethyl 4-(5-bromo(3-pyridyl))-2-({2-[(5-mtro(2-pyridyl))amino]ethyl} amino)pyrimidine-5- 

25 carboxylate, N-(3-imidazolylpropyl) {4-[2-({2-[(5-iutro(2-pyridyl))ainino]ethyI}amino)- 
pyrimidin-4-yl]phenyl} carboxamide, tert-butyl 6-[(2-{[4-(4-QranophOTyl)-5- 
(ethoxycaibonyl)pyrimidin-2-yl]amino} ethyl)amino]pyridine-3-carboxylate, N-[(3- 
bromophenyl)methyl](4-{2-[(3-imidazolylpropyl)amino]pyriimd 
carboxamide, ethyl 4-[(2,4-dici3lorophenyl)amino]-2-({2-[(5-nitro(2-pyridyl))ainino]- 

30 ethyl} ainino)pyriimdine-5-carboxylate, ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-( {3-[(5- 
nitro(2-pyridyl))ainino] propyl} amino)pyrimidine-5-carboxylate, {4-[2-({2-[(5-iiitro(2- 
pyridyl))amino]ethyl}aniino)pyrimidin-4-yl]phenyl}-N-(2-phenyl^^ 
carboxamide, N-[(4-methoxyphenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}- 
amino)pyrimidin-4-yl] phenyl} carboxamide, 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}- 

35 amino)-6-(4-nitrophenyl)-4-phenylpyriimdine-5-carboxylic acid, 2-({2-[(5-iiitro(2- 

pyridyl))amino]ethyl} amino)-6-(4-nitrophenyl)-4-(4-pyridyl)pyrimidine-5-c^^ acid, 
ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-[(2- {[5-(trifluoromethyl)(2-pyridyl)]amin^ 
ethyl)amino]pyrimidine-5-carboxylate, ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(moipholin-4- 
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ylcarbonyl)(2-pyridyl)]amino } ethyl)amino]pyriimdine-5-carboxylate, N-[(3- 
chlorophenyl)methyI] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyI} aiiiino)pyr^ 
phenyl}carboxamide, N-[(3,4-difluorophenyl)methyl] {4-[2-({2-[(5-mtro(2- 
pyridyl))amino]efhyl}ainino) pyriimdin-4-yl]phenyl}carboxaimde, ethyl 4-[4-(4- 
5 metiiylpiperazmyl)phenyl]-2-({2-[(5-mtro(2-pyridyl))amino]eth^ 

carboxylate, 4-cyclohexyl-2-{ {2-[(5-mtro(2-pyiidyl))amino]efhyl} aimno>6-(4- 
mtrophenyl)pyriinidine-5-carboxylic add, {4-[2-({2-[(5"nitro(2- 
pyridyl))amino]ethyl} aimno)pyrinudia-4-yl]^^ 

methyljcarboxamide, ethyl 4-{[(3-bromophenyl)methyl]amino}-2-({2-[(5-nitro(2- 

1 0 pyridyl))ainino]ethyl} ainino)pyriimdine-5-carboxylate, N-[(3-bromophenyl)methyl][4-(2- 
{[2-(3-methoxyphOTyl)ethyl]ammo}pyrimidin-4-yl) phenyl]carboxamide, N-(naphthyl- 
methyl) {4-[2-({2-[(5-nitro(2-pyridyl)) amino] ethyl}amino)pyrimidin-4-yl]phenyl}- 
carboxamide, 4-(3-cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyI} ami]io)-6-(4- 
iiitrophenyl)pyrmiidine-5-carboxylic acid, N-[(3,4-dimethoxyphenyl)methyl] {4-[2-({2"[(5- 

1 5 nitro(2-pyridyl))amino]ethyl} amino)pyrraiidin-4-yl]phenyl} carboxamide, N-[(2,3r 

dimethoxyphenyl)methyl] {4-[2-( {2-[(5-nitro(2-pyridyl))ainino]ethyl} amino)pyrimidin-4- 
yljphenyl} carboxamide, 4-(4-methoxyphenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl} - 
amino)-6-(4-mtrophenyl)pyrimidine-5-carboxylic acid, N-[(3-"bromqphenyl)methyl] {4-[2- 
({2-[(6-methoxy(2-pyridyl))amino]ethyl}ainino) pyrimidin«4-yl]phenyl} carboxamide, {4- 

20 [2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidin-4-yl]phenyl}"N-{[3- 

(trifluoromethyl)phenyl]methyl} carboxamide, N-[(3,5-dicUorophenyl)methyl] {4^ 
[(5-nitro(2-pyridyl))amino3ethyl} amino)pyriinidin-4-yl]phenyl} c^^ N-[(3,4- 
dicWorophenyl)methyl]{4-[2-({2-[(5-nitro(2-pyridyl))ammo]ethyl}aii^ 
yl]phenyl} carboxamide, ethyl 4-(4-cyanophenyl)"2-{[2-({5-mtro-6-[benzylamino](2- 

25 pyridyl)}amino)ethyl]amino}pyrimidine-5-carboxylate, ethyl 4-[3,5-bis(trifluoromethyl)- 
phenyl]-2-({2-[(5-mtro(2"pyridyl))amino]ethyl}ainino)pyri^ 
bis(4-mtrophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)p3^^ 
acid, [4-(2-{[2-(2,5-dimethoxyphenyl)ethyl]amino}pyrimidin-4-yl)^^ 
bromophenyl)methyl] carboxamide, 2-({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)-4-(3- 

30 mtrophenyl)-6-(4-mtrophenyl)pyrimidiiie-5-carboxylic add, N-[(3-bromophenyl)- 

methyl] {4-[2-( {2-[(4-nitrophenyl)amino]ethyl} amino)pyrimidin-4-yl]phenyl} carboxamide, 
N-[(3-bromophenyl)methyl] {4-[2-( {2-[(5-iiitro(2-pyridyl))amino]ethyl} amino)pyrimidin- 
4-yl] phenyl} carboxamide, N-[(4-bromophenyl)methyl]{4-[2-({2«[(5-nitro(2-pyridyl)) - 
amino]ethyl}amino)pyTimidin-4-yl]phenyl} carboxamide, {4-[2-({2-[(5-mtro(2-pyridyl))- 

35 ainino]ethyl} amino)pyrimidin-4-yl]phenyl} -N-[(4-sulfamoylphenyl) methyl]carboxamide, 
N-[2-(2,4-dichlorophenyl)ethyl] {4-[2-({2-[(5-mtro(2-pyridyl)) amino]ethyl}- 
amino)pyrimidin-4-yl]phenyl} carboxamide, N-[(3-bromophenyl)methyl][4-(2- {[2-(2- 
quinolylamino)ethyl]amino}pyriiiudin-4-yl)pheiiyl]carboxamide, 2-({2-[(5-nitro(2- 
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pyridyl))ainmo]ethyl}amino)-6-(4-mtrophenyl)-4-(4-q^ 

acid, N-(2,2-diphenylethyl){4-[2-({2-[(5-rdtro(2-pyridyl))amino]ethy^ pyrimidin- 

4- yl]phenyl}carboxamide, N-[(3-bromophenyl)methyl] {4-[2-({3-[(5-nitro(2-pyridyl))- 
amino]propyl} amino)pyrimidin-4--yl]phenyl} carboxamide, {4-[2-( {2-[(6-ammo-5-mtro(2- 
pyridyl))ainino]ethyl}amino)pyrimidin-4-yl]phe^ methyl] - 
carboxamide, 2-({2-[(5-nitro(2-pyridyl))ainino]ethyl}aimno)-6-(4-nitroph 
(trifluoromethyl)phenyl]pyriimdine-5-caiboxylic acid, N-[(3-biomophenyl)methyl] (4-{2-. 
[(2-{[5-(trifIuoromethyl)(2-pyridyl)]aixiino}ethyl)amm 

carboxamide, [(3-bromophenyl)methyl]({4-[2-({2-[(5-nitro(2-pyridyl))ai^ 
aiiiino)pyrimidin-4-yl]phenyl}siilfonyl)amine, and N-[(3-iodophenyl)me£hyl]{4-[2-({2-[(5- 
mtro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phe^^^ l-[2-{[2-({6- 
aimno-5-[>ydroxy(oxido)amino]-2-pyridinyl}amino 

5- pyrimidinyl]-2-piperazinone, l-[2-{[2-({6-amino-5-|>ydK)xy(oxido)ainino]-2- 
pyridinyl}amino)ethyl]amino}-4-(2,4-dicUorophenyl)-5-pyriini 

piperazinone, 1 -[6-{[2-({6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl}amino)etliyl]- 
amino}-2-(2,4-dichlorophenyl)-3-pyridinyl]-4-methyl--2-pipOTa2inone, l-[2-{[2-({6-amino- 
5-[hydroxy(oxido)ainino]-2-pyridinyl}ainino)ethyl]amino}^^ 

pyrimidinyl]-4-methyl-2-piperazinone, 6-[(2- {[6-(2,4-dichlorophenyl)-5-(4-methyl-2-oxo- 
1 -pipera2inyl)-2-pyridinyl]amino} ethyl)amino]nicotinonitrile, 1 -[6- {[2-( {6-amino-5- 
|>ydroxy(oxido)amino]-2-pyridinyl}amino)ethyl]amino}-2-(4-ethyl^^ 
methyl-2-piperazinone, 6-[(2-{[6-(4-ethylphenyl)-5K4-methyl-2-oxo-l-pipera2inyl)-2- 
pyridinyl]amino}ethyl)amino]mcotinomtrile, 6-({2-[[6-(4-ethylphenyl)-5-^(4-mefhyl-.2-oxo- 
l-pipera2inyl)-2-pyridinyl](methyl)ainino]ethyl} amino)mcotinonitrile, 6-[(2- {[4-(2,4- 
dicUorophenyl)-5-(4-methyl-2-oxo-l-pipera2inyl)-2-pyrimidm^^ 
nicotinomtrile, l-[6-{[2-({6-amino-5-[tydroxy(oxido)amino]-2-pyridinyl}aii^ 
amino}-2-(2,4-difluorophenyl)-3-pyridinyl]-4-methyl-2-^^^ 
5-(Tiydroxy(oxido)amino]-2-pyridinyl}ainino)ethyl]ain^ 

pipera2inyl)-2-pyridinyl]benzomtrile, l-[6-{[2-({6-amino-5-Piydroxy(oxido)aimno]-2- 

pyridinyl}amino)ethyl]amino}-2-(2,4-dicUorophmyl)-3-pyri*^ 

piperazinone, 1 -[6- {[2-({6-amino-5-[hydroxy(oxido)amino]-2--pyridinyl} amino)ethyl]- 

amino}-2-(2,4-dicWorophenyl>3-pyridinyl]-4-ethyl-2-pipe^^ l-{6-{[2-({6-amino- 

5-[hydroxy(oxido)ainino]-2-pyridinyl}ainino)eiiiyl]a^ 

3-pyridinyl}-4-methyl-2-pipera2inone, l-[6-{[2-({6-ainino-5-[hydroxy(oxido)ainino3-2- 
pyridinyl} amino)etliyl]amino } -2-(2"bromophenyl)-3-pyridinyl]-4-methyl-2-piperazinone, 
l-[6-{[2-({6-amino-5-[Tiydroxy(oxido)aiiiino3-2-pyridinyl}amino)p^ 
dichlorophenyl)-3-pyridinyl]-4-methyl-2-piperazinone, 1 -[6- { [2-( {6-ainino-5-[hydroxy- 
(oxido)amino]-2-pyridinyl}amino)propyl]amino}-2-(2,4-dichloroph^ 
methyl-2-piperazinone, 1 -[6- {[2-( {6-amino-5-[hydroxy(oxido)amino]-2-pyridinyi} amino)- 
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1 -methylethyl]animo} -2-(2,4-dichlorophenyl)-3-pyridmy 1 .[6- 

{[2-({6-aniino-5-Piydroxy(oxido)ammo]-2-pyridinyl^ 

(2,4-(iichlorophenyl)-3-pyridinyl]-4-methyl-2-pipera2m l-[6-{[2-({6-ainino-5- 
[Tiydroxy(oxido)ammo]-2-pyridmyl}ainmo)-lJ-dm^ 

phenyl)-3-pyridmyl]-4-methyl-2.piperazinone, 1 -[6- { [2-( {6-amino-5-[hydroxy(oxido)- 
amino]-2-pyridinyl}amino)ethyl][2-(l-pyrrolidinyl)ethyy 

3- pyridinyl]-4-methyl-2-piperazmone, l-[6-[3-({6-ammo-5-|>ydioxy(oxido)amino]-2- 
pyridinyl}ainino)propyl]-2-(2,4-dicWorophenyl)-3-p^^ 1 - 
[6-[[2-({6-ainmo-5-[hydroxy(oxido)amino]-2-pyridmyl}^ 
(2,4-dichlorophenyl)-3-pyridinyl]-4-methyl-2-piperaM 1 -[6-[2-({6-ammo-5- 
0iydroxy(oxido)amino3-2-pyridinyl}ammo)efhoxy]-2-^^ 

inethyl-2-pipesrazinone, l-[6-{[2-<{6-amino-5-|J[ydroxy(oxido)ammo]-2-pyridinyl}oxy)- 
efliyl]ainino}-2-(2,4-dicUorophenyl)-3-pyridinyl]-4-me^ l-[6-{[2-({6- 
amino-5-[hydroxy(oxido)amino]-2-pyridinyl}ainino)ethyl][^ 

ammo}-2-(2,4-dichlorophenyl)-3-pyridinyl]-4-methyl-2-p^ l-[6-{[2-(r{6-amino- 
5-[hydroxy(oxido)ainino]-2-pyridinyl}aniino)ethyl]aiim 

pyridinyl]-2-piperazinone, l-[6-{[2-({6-ainino-5-[hydroxy(oxido)aniino]-2-pyridinyl^ 
ammo)ethyl]amino}-2-(2,4-dichlorophenyl)-3-pyridinyl]-4-^^ 1- 
[6- {[2-( {6-ainino-5-I>ydroxy(oxido)ainino]-2-pyridinyl} am^ 
dicWorophenyl)-3-pyridinyl]-4-cyclohexyl-2-piperazmone, l-[6- {[2-({6-amino-5- 
ITbLydroxy(oxido)amino]~2-pyridinyl}amino)ethyl]am 

4- mefhyl-2-piperazinone, l-[6r{[2-({6-amino-5-[hydroxy(oxido)amino]-2--pyridinyl}- 
aniino)ethyl]amino} -2-(2,4-dicUorophenyl)-3-pyridinyl]-3,4-dimethyl-2-piperazinone, 1 - 
(2-(2,4-dicMorophenyl)-6-{[2-({5-|>ydroxy(oxido)ainino]-6-me& 
etliyl]aimno}-3-pyridinyl)-4-mefliyl-2-piperazm l-(2-(2,4-dichlorophenyl)-6-{[2-({5- 
I>ydroxy(oxido)ainino]-2-pyridinyl} amino)ethyl]anm 

piperazinone, 4-[6- { [2-( {6-aiiiino-5-ITiydroxy(oxido)ainino]-2-pyridinyl} ainino)ethyl]- 

ammo}-3-(4-methyl-2-oxo-l-piperazinyl)-2-pyridinyl]ben^ 

|>ydroxy(Qxido)anuno]-2-pyridinyl}ammo)ethyl]amino}-2-(^ 

pyridinyl]hexahydropyrrolo[l,2-a]pyra2in-3(4H)-one, l-[6-{[2-({6-amino-5-[hydroxy- 
(oxido)aimno]-2-pyridinyl}aiiiino)ethyl]amino}-2-(2,^ 

(mefhylsulfonyl)-2-piperazinone, 4-acetyl- 1 -[6- { [2-( {6-amino-5-[hydroxy(oxido)amino]- 

2- pyridinyl}aimno)ethyl]ginino}-2-(2,4-dicWoropheny 2-[6- 
{[2-( {6-aiiiino-5-[hydroxy(oxido)amino]-2-pyridinyl} amino)efhyl]ainino}-2-(2,4- 
dicWoro jphenyl)-3-pyridmyl]hexahydropyiTolo[l ,2-a3pyrazin-3(4H 2-[6- {[2-( {6- 
amino-5-|>ydroxy(oxido)animo]-2-pyridinyl}amino)ethyl] 

3- pyridinyl]hexahydropyn-olo[l,2-a]pyrazin-3(4H)-one, 2-[6-{[2<{6-ai^ 
(oxido)amino]-2-pyridinyl} ainino)ethyI]amino } -2-(2,4-dicWor^^ 
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hexahydropyrrolo[l,2'-a]pyrazin-l(2H)-one, 2-[6-{[2-({6-amino-5-ITiydroxy(oxido)amino]- 
2-pyridinyl} ainino)ethyl]amino } -2-(2,4-dichlorophenyl)-3-pyridinyl]hexahydropyrrolo- 
[l,2-a]pyrazin-l(2H)-one, l-[6-{[2-({6-ammo-5-[hydroxy(oxido)aiiiino]-2-pyridinyl}- 
amino)ethyl]amino}-2-(2,4-difluorophenyl)-3-pyridinyl]-4-ethy^^^ 
.5 ({6-aminO"5-[hydroxy(oxido)amino]-2-pyridinyl}aiiiino)ethyl]ain^ 

pipCTazinyl)-2-pyridinyl]benzonitrile, 1 -[6- {[2-( {6-aniino-5-|Tbydroxy(oxido)amino]-2- 
pyridinyl}amino)propyl]ainino}-2-(2,4-dicUorophenyl)-3-p 

piperazinone, 1 -(6- { [2-( {6-aiiimo-5- j>ydroxy(oxido)amino]-2-pyridmyl} amino)ethyl]- 
amino}-2-phenyl-3-pyridinyl)-4-methyl-2-piperaziiione, l-[6- {[2-({6-amino-5-[hydroxy- 
10 (oxido)ajiuno]-2-pyridinyl}amino)ethyl]amino}-2-(4-cU^ 

2-pipCTazinone, 3-ainmo-l -[6- { [2-( {6-aimno-57ltydroxy(oxido)amino]-2-pyridm - 
aiiiino)ethyl]amino}-2-(2,4-dicMorophenyl)-3-pyridinyl]-2-pipOT 1 -[6- {[2-( {6- 

amino-5-[hydroxy(oxido)amino]-2-pyridinyl} amm 

pyridinyl]-4-methyl-2-piperazinone, 1 -[6- {[2-( {6-aiiiino-5-|Tbydroxy(dxido)aimiio]-2- 

1 5 pyridinyl}ammo)ethyl]aimno}-2-(2,4-dicWorophenoxy)-3-pyri 

piperazinone, 1 -[6- {[2-({6-amino-5-|Tiydroxy(oxido)aiiiino]-2-pyridinyl}amino)ethyl]- 
amino}-2-(2,4~dicUorophenyl)-3-pyridinyl]-4-(2,2^-trifluoroethyl)-2-pipei^^ 4-[6- 
{ [2-( {6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl } ainino)ethyl]aniino } -2-(2,4-dichloro- 
phenyl)-3-pyridiByl]-3-n[aorpholinone, 1- {6-[2-(6-Aniino-5-nitro-pyridin-2-ylamino)- 

20 ethylainino]-[2,3']bipyridinyl-3-yl}-4-methyl-piperazin-2-one, l-[6- {[2-({6-amino-5- 
|>ydroxy(oxido)amino]-2-pyridinyl}andno)ethyl]amino}-2-(2,4-dicWoro^^ 
pyridinyl]-2-piperidinonej, l-[6-{[2-({6-amino-5-[hydroxy(oxido)amino]-2-pyridinyl}- 
amino)ethyl]aiiMno}-2-(4-cWoro-2-methylphenyl)-3-pyridm^ 

1 -[6- {[2-( {6-amino-5-[hydroxy(oxido)aiiiino]-2-pyridinyl} amino)ethyl]aniino}-2-(4- 
25 methoxyphenyl)-3rpyridinyl]-4-methyl-2-piperazinone, and l-[6«{[2-({6-amino-5- 
[Thtydroxy(oxido)amino]-2-pyridinyl}aniino)ethyl]amino}-2-^^ 
methyl-2-piperazinone* 

The following compounds exhibited ICsos of 1 [xM or less with respect to GSK3 in 
this cell-firee assay: 4-{2-[(2-(2-pyridyl)ethyl)amino]pyrinudin-4-yl}benzamide, 4-{2-[(2- 
30 phenylpropyl)amino]pyrimidin-4-yl}benzamide, 4-(2- {[2-(2-pyridylamino)ethyl] - 

amino}pyrimidin-4-yl)benzamide, 4-(2-{[2-(pyrinudin-2-ylamino)ethyl]amino}pyrimidin- 
4-yl)benzamide5 (5-iiitro-4-phenylpyrimidin-2-yl)[2-(2-pyridylamino)ethyl] amine, 4-(2- 
{[3-(4-nitroimidazolyl)propyl]anuno}pyTimidin-4-yl)phenol,4-(2-{[2-(2-me&^ 
ethyl]amino}pyrimidin-4-yl)benzamide, 4-[2-( {2-[(5-cyano-2-pyridyl)anMno]- 
35 ethyl} amino)pyrimidin-4-yl]benzamide5 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-4- 
phenylpyrimidine-5-carbonitrile, 4-[2-({2-[(6-methoxy-2-pyridyl)amino]ethyl}anmio)- 
pyrimidin-4-yl]benzainide, 4-(2- { [3-(4,5 -dichloroimida2olyl)propyl] amino } pyrimidin-4- 
yl)phenol, 4-(2-{[3-(4-nitroimidazolyl) propyl]amino}pyrimidin-4-yl)benzamide, 4~{2-[(3- 
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benzimidazolylpropyl) ammo]p>T4midm-4-yl}benzainide, 4-[2-({2-[(4-amino-5-cyano- 
pjTOmdin-2-yl)ainino] ethyl} animo)pyriiiudin-4-yl]beii2ainide, 4-{2-[(3- 
benzimidazolylpropyl) amino] pyrimidin-4-yl}-2-methoxyphenol, 4-(2-{[2-(2,5- 
dimethoxyphenyl)ethyl] amino>pyriinidin-4-yl)benzainide, 4-(2-{[2-(2,3-dimethoxy- 
5 phenyl)ethyl]amino}pyrimidin-4-yl)ben2ainide, 4-(2-{[3-(4-methoxyphenoxy)propyl]- 
ammo}pyrimidin-4-yl)benzainide,4-[2-({24(5-mtro-2-pyridyl)aimno]ethyl}a 
pyrimidiji-4-yl]beii2amide, {2-[(5-mlTo(2-pyridyl))ainino]ethyl)(5-nitro-4-phenyl- 
pyriimdm-2-yl)ainine, 4-(2- {[2-(2-quinolylamino) e1hyl]armno}pyrimidin-4-yl)baizamide, 
4-(4-cyanophemyl)-2K{2-[(5-nitro(2-pyridyl))ainino]e%l}ammo)pyrimidine-5- 

10 carbonitrile, 4-(2-{[3-(4,5-dicWoroiinida2olyl)propyl]amino}pyriinidin-^^ 4- 
{2-f(2-{[5-(aminolWoxomethyl)-2-pyTidyl]ammo}eftyl)animo]pyri^ 
4-[2-<{3-[(5-mtro-2-pyridyl)amino]pr6pyl}amino)pyiiim 4-(2-{[3-(4- 
') phenylinrida2olyl)propyl]aminp}i>yrinudin-4-yl)bei^^ 4-{2-[(3-naphthyloxypropyl) - 

anuno]pyrinudin-4-yl}baizaniide, 4-(2- {[3-(5,6-dimethylben2iinidazolyl) - 

15 propyl]amino}pyriinidin-4-yl)benzainide, [4-(4-imidazolylphenyl)pyrimidm-2-yl]{2^[(5- 
nitro(2-pyridyl))ainiBo]ethyl}aiiiine,4-{2-[(2-{[5-(Mfluoromejiiyl)-2-pyri^ 
ethyl)amino]pyrraiidin-4-yl}benzainide, 4-(4-cyaiiophenyl)-2-({2-[(5-nitro(2-pyridyl)) - 
anuno]ethyl}aiiuno)pyrimidine-5-caiboxamide, 4-(4-cyanophenyl)-2-({2-[(5-mtro(2- . 
pyridyl))ainino]e1hyl}ammo)pyrimidine-5-carboxylicacid,2-({2-[(6-aiiiino-5-nifr^^ 

20 pyridyl))aimno]ethyl} amino)-4-(2,4-dichlorophmyl)pyrixnidme-5-carboxylic acid, ethyl 2- 
({2-[(5-nitro(2-pyridyl))amino]ethyl}ainino)-4-(4-pyridyl)pyrimidine-5-carboxyla^^ 
2-({2-[(5-cyano(2-pyridyl))aiiiino]elhyl}amino)-4-(4-cyanophenyl)pyrinudine-5- 
carboxylate, 4-[2-({3-[3-(trifluoromethyl)phenoxy]propyl}amino)pyriinidin-4- 
yl]benzainide, [4-(4-cyanophenyI)-2-({2-[(5-nitn)(2-pyridyl))ainino]ethyl}amino)- 

25 pyrimidin-5-yl]-N-mefhylcarboxaimde, methyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2- 
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, [4-(4-morpholin-4-ylphenyl)- 
pyTimidin-2-yl]{2-[(5-mtn)(2-pyridyl))amino]etliyl} amine, ethyl 4-(4-methylphenyl)-2- 
({24(5-nitro(2-pyridyl))amino]ethyl}amino)pyiimidine-5-carboxyIate, {2-[(6-amino-5- 
nitro(2-pyridyl))amino]ethyl}{5-nitro-6-[benzylamino](2-pyridyl)} amine, 2-({2-[(5-nitro- 

30 (2-pyridyl))amino]ethyl} amino)-4-(4-nitrophenyl)pynmidine-S-caiboxylic acid, ethyl 4-(4- 
fluorophenyl>2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylate, 4- 
[5-imidazolyl-2-( {2-[(5-nitro(2-pyridyl))amino] ethyl} amino)pyrimidin-4-yl]benzene- 
caibomtiile,4-[5-imidazol-2-yl-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)pyri^ 
4-yl]ben2enecarbonitriIe, ethyl 2-({2-[(4-amino-5-cyanopyrimidin-2- 

35 yl)amino]e%l}amino)-4-(4-cyanophenyl)pyriinidine-5-carboxylate, [4-(2,4-dimethyl- 

phenyl)-5-imida2olylpyriinidin-2-yl]{2-[(5-nitro(2-pyridyl))amino] ethyl}amine, 2-({2-[(6- 
amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-dicUorophenyl)pyTiniidine-5- 
carbonitrile, ethyl 4-(4-cyanophenyl)-2-({2-[(4-nitrophenyl)amino] ethyl}amino)- 
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pyrimidine«5-carboxylate, [4-(4-cyanophenyl)-2-({2-[(5-iiitro(2-pyridyl))amin^^ 
airdno)pyrimidin-5-yl]-N,N-Kiimeth^^ ethyl 4-(4-cyanophenyl)-2-({2-[(5- 

iu1ro(2-pyridyl))ainino]ethyl} amino)pyrimidine-5-carboxylate, [4-(2,4-dichlorophenyl)-5- 
ethylpyrimidin-2-yl]{2-[(5-mtro(2-pyridyl))anu^ ethyl 4-(4-ethylphenyl)-2- 

5 ( {2-[(5-«nitro(2-pyridyl))amino]ethyl} amino) pyrimidine-5-carboxylate, ethyl 4-(4- 

methoxyphenyl)-2-( {2-[(5-mtro(2-pyridyl))amino] ethyl} ainino)pyrimidine-5-carboxylate, 
4-[5-(methylsulfonyl)-2-( {2-[(5-nitro(2-pyridyl))amino3ethyl} amino)pyriiiudin-4- 
yljbenzenecaibonitrile, 4-(2- {[3-(556"dicUorobenzimidazolyl)propyl]amino}pyiiiiudi^^ 
yl)benzanude, 4-[2-({2-[(6-ammo-5-nitn>(2-p^ 
1 0 pyiiinidin-4-yl]benzenecaAomtrile^ 4-[2-( {2-[(6-ainmo-5-mtro(2-pyridyl))amino]- 

efhyl}amino)-5-iiiaidazol-2-ylpyriimdin^ benzenecarbonitrile, N-(cyanomethyl)[4-(4- 
cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl)) aimno]ethyl} aimno)pyrimidin-5-yl]carboxaimde, 

4- [5K3.methyl(lA4-oxadiazol-5-yl))-2-({2-[(5-iiit^^ 

ethyl}ammo)pyrimidin-4-yl]benzenecaibonitri^ ethyl 4-(4-chlorophenyl)-2-({2-[(5- 
15 mtro(2-pyridyl))ajmmo]ethyl}amino)pyri^ ethyl 4-(3,4-difluoro- 

phenyl)-2-({2-[(5-iutro(2-pyridyl))ainino]ethyl}ainino)py^ 
aininoethyl)[4-(4-cyaaophenyl)-2-({2-[(5-mtro(2-pyridyl))^ 

5- yl]carboxamide, ethyl 4-(4-cyanophenyl)-2-({2-[(4-methyl-5-mtro(2- 
pyridyl))amiBo]ethyl}amino)pyTmiidme-5-caA e&yl 2-({2-[(6-ainino-5-mtro(2- 

20 pyridyl))airuno]ethyl}aniino)-4-(4-cyanophenyl)pyr^ 

cyanophenyl).2-({2-[(5-nitro(2-pyridyl))amino]ethyl}aii]ino 

hydroxyethyl)carboxamide, 2-hydroxyethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))- 
aiBino3ethyl}ainino)pyrinudine--5--caiboxylate, ethyl 2-({2-[(4-ainino-5-nitix>pyrimidin-2- 
yl)aimno]ethyl}ajiiino)-4~(4-cyanophenyl)pyrim^ ethyl 4-[4- 

25 (methylethyl)phenyl]-2-({2-[(5-mtro(2-pyridyl))amino] ethyl} amino)pyrimidine-.5- 
carboxylate, ethyl 4-[4-(dimethylainino)phenyl]-2-({2-[(5-mtro(2-pyridyl))an^ 
aiiiino)pyiimidine-5-carboxylate, ethyl 4-(2H-benzo[3,4-d]l,3-dioxolen-5-yl)-2-({2-[(5- 
iutro(2-pyridyl))amino]ethyl}amino)pyrimidin^ ethyl 2-<{2-[(5-nitro(2- 

pyridyl))amino]ethyl}ainino>4-(4-nitrophenyl) pyrimidine-S-carboxylate, ethyl 4-(4- 

30 inethylthiophenyl)-2-({2-[(5-mtrD(2-pyridyl)) amino] ethyl} amino)pyrimidine-5- 
caiboxylate, ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)]anu^ 
aiiiino]pyriniidine-5-carboxylate, ethyl 4-(2-naphthyl)-2-({2-[(5-nitro(2-pyridyl))amino]- 
ethyl}aniino)pyrumdine-5-caiboxylate,N-butyl[4-(4-cyanophen^ 
pyridyl))amino]elhyl} amino)pyriinidin-5-yl]carboxainide, N-(tert-butyl)[4-(4-cyano- 

35 phenyl)-2-({2-[(5-nitro(2-pyridyl))aminoi ethyl} amlno)pyrimidin-5-yl]carboxamide, ethyl 
4-(4-carbamoylphenyl)-2-({2-[(5-cyano(2-pyridyl))aniino]ethyl}amino)-6-^ 
pyrimidine-S-carboxylate, tert-butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyI))amino]- 
ethyl} amino)pyritmdine-5-carboxylate, N-(carbamoylmethyl)[4-(4-cyanophenyl)-2-( {2- 
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[(5-nitro(2-pyridyl))amino]ethyl}ammo)pyriimdm-5-yl](»^^ ethyl 4-(4-<yano- 

phenyl)-6-ethyl-2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}amino)pyriiQidm^ 

biityl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))ammo]ethyl)amino)pyrimidine-5- 

cari)oxylate, ethyl 4-{[(4-cyanophenyl)methyl]ainino}-2-({2-[(5-nitro(2-pyridyl))ai^ 

ethyl}ajiiino)pyrimidine-5-carboxylate, ethyl 4-{[(3-cyanophenyl)methyl]amino}-2-({2- 

[(5-iutro(2-pyridyl))aimno]ethyl}amino)pyrimidine-5-cari>oxylate, ethyl 4-[4-(tert-butyl)- 

phenyl]-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ammo)pyriimdine-5-car^ 

[(5-nitro(2-pyridyl))aiiuno]ethyl}ammo)-5-I>enzyIaimno]pyri^ 

carbonitrile, [4-(2,4-di<Morophenyl)-5-imidazolylpyrimidin-2-yl] {2-[(5-mtro(2-pyridyl)) - 
amino]ethyl}aimiie, [4-(2,4-dicmorophenyl)-5-iimda2ol-2-ylpyriimdin-2-yl]{2-[(5-m^ 
pyridyl))ainino]ethyl}amine, 4-(4-cyanophenyl)-6-(3-furyl>-2-((2-[(5-nitro(2-pyridyl))- 
ammo]ethyl}amino)pyrmiidine-S-carboxyIic acid, 4-[2-({2-[(5-mtro(2-pyridyl))ainino]- 
^yl}amino)-S-^perazinylcarbonyl)pyTiimdin-4-yl]beDzenec^ ettiyl 4-(4- 

ixnidazolylphenyl)-2-({2-[(5-mtro(2-pyridyl))amino]etiiyl}anu^ 
caiboxylate,4-[5-(morpholin-4-ylcaibonyl)-2-({2-[(5-mtro(2-pyridyl))anmio]ethyl>- 
aimno)pyriinidm-4-yl]benzenecarbonitrile, ethyl 4-(4-(2-furyl) phenyl)-2-({2-[(5-mttD(2- 
pyridyl))ammo]ethyl}amino)pyriinidme-5-carboxylate, ethyl 2-({2-[(5-mtro(2- 
pyridyl))aimno]ethyl}ammo)-4-(4-(l,3-oxazol-5-yl)phenyl)pyrmiidine-5-ca^^ 
2-({2-[(5-mtro(2-pyridyl))amino]ethyl}anuno)-4-(4-(l,2,4-tria2ol-4-yl)phenyl)p 
5-carboxylate,N-[2-(dimethylamino)ethyl][4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)> 
ammo]ethyl}aniino)pyriimdin-5-yl]carboxaniide, 2-(dimethylainino) ethyl 4-(4-cyano- 
phenyl)-2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}atmno) pyrimidine-S-carboxylate, ethyl 2- 
({2-[(5-nitro(2-pyridyl))amino]ethyl}ammo)-4-[4-(trifluoromethyl)phenyl]p3^Tiiu 
carboxylate, ethyl 4-(2,4-dicMorophenyl)-2-({2-[(5-mtro(2-pyridyl))ainmo]ethyl}aim 
pyrimidine-S-caiboxylate, ethyl 4-(4-(lH-l,2,3,4^tetraazol-5-yl)phenyl)-2-({2-[(5-m^ 
pyridyl))aimno]ethyl}ammo)pyruiudine-5-carboxylate, ethyl 4-(4-carbamoylphenyl)-6- 
ethyl-2-({2-[(5-mtro(2-pyridyl))ainmo] ethyl}amino)pyriinidme-5-carboxylate, 4-(4- 
cymophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-6-phenylpyiimid^ 
caiboxyUc add, {2-[(6-ainmo-5-nitro(2-pyridyl))ainino]efhyI}[4-(2,4-dichlorophenyI)-5- 
iinidazolylpyrimidin-2-yl]aimne, {2-[(6-ainino-5-mtro(2-pyridyl))ainino]ethyl} [4-(2,4- 
dicMorophenyl)-5-imida2ol-2-ylpyriinidin-2-yl]aixune, efhyl 4-(4-bromophenyl)-2-( {2-[(5- 
nitro(2-pyridyl))amino] ethyl} ammo)pyriniidine-5-carboxylat^ ethyl 4-[4-(methyl- 
sulfonyl)phenyl]-2-({2-[(5-nitro(2-pyridyl))ainino]ethyl}amino)pyrimidme-5-c^ 
ethyl 2-( {2-[(6-ainino-5-nitro(2-pyridyl))aniino]ethyl}aniino)-4-(4-(l,3-oxazol-5- 
yl)phenyl)pyriimdine-5-carboxylate,N-[2-(dimethylamino)ethyl][4-(4-cyanophen^ 
({2-[(5-nitro(2-pyridyl)) amino] ethyl} ainino)pyriinidin-5-yl]-N-methylcarboxainide, N- 
(l-carbamoyl-2-hydroxyethyl)[4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl))- 
aminojethyl} amino) pyiimidin-5-yl]carboxamide, 3-(dimethylamino)propyl 4-(4- 
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(^anophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimid^ 
ethyl 2-({2-[(6-aiiiino-5-mtro(2-pyridyl))a3iimo]ethyl}aimno)-4-(2,^ 
pyrimidine-5-carboxyIate, 2-(dimethylamino)ethyl 2-({2-[(6-aimno-5-mtro(2-pyridyl))- 
ainino]ethyl}ainino)-4-(4-cyanophenyl) pyriinidine-5-carboxylate, [2-(dimethyl- 
amino)ethoxy]-N-[4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ainm 
pyrimidin-5-yl] caiboxamide, ethyl 2-({2-[(5-mtro(2-pyridyl))ammo] ethyl} aimno)-4-[4- 
(trifhioromedioxy)ph6nyl]pyriimdin6-5-caTbQxylate, ethyl 4-(4-morpholin-4-ylphenyl)-2- 
({2-[(5-nitn>(2-pyridyl))amino]ethyl}ainino)pyriinidine-5-caA [4-(4-(^ano- 
phenyl>2-({2-[(5-nitn)(2-pyridyl))aimno]efliyl}aiiiino)pyrimidm-5-yl]-N^^ 
caiboxamide, ethyl 4-(6-moipholm-4-yl(3-pyridyl))-2-({2-[(5-mtK)(2-pyridyl))ainino]- 
6thyl}aiiiino) pyrimidine-5-carboxylate, [4-(4-cyaiiophenyl)-2-({2-[(5-mtro(2-pyridyl))- 
aniino]ethyl}ainino)pyrinudin-S-yl]-N-(4-pyridylmethyl)ca^^ phenyhnethyl 4-(4- 

cyanopheayl)-2-({2-[(5-iiitro(2-pyridyl))ainmo]ethyl}aimno)pyj3^ 
(4-cyanophenyl)-6-(4-fhiorophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}- 
aimno)pyriinidine-5-carboxyUc acid, N-[(3-methoxyphettyl)methyl] {4-[2-({2-[(5-mtro(2- 
pyridyl))ainino]e&yl}ainino)pyriinidin-4-yl]phenyl}caiboxaniide,4-[5- 
(dimethylainino)ethyl](l,2Aoxadiazol-5-yl)}-2-({2-[(5-nitro(2-pyridyl))amino] - 
ethyl} ainino)pyriinidin-4-yl] benzenecarbonitrile, N-[(3-bromophenyl)methyl][4-(2-{[2- 
(pyrimidin-2-ylamino)ethyl]amino}pyrimidin-4-y])phenyl]caA 4-(dimethyl- 
ainmo)butyl 4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl))ainino]ethyl}aiiiino) pyrimidine- 
5-carboxylate, 4,6-bis(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}- 
ammo)pyriinidine-5-caiboxylic acid, ethyl 2-({2-[(6-amino-5-nitn)(2-pyridyl)) amino]- 
ethyl}amino)-4-(4-morpholin-4-ylphenyl)pyrfamdine-5-carboxylate,4-(3-hydroxy^^ 
2-({2-[(5-nitro(2-pyridyl))amino]ethyl}anmio)-6-(4-nitrophenyl)pyriinidm^ 
acid,2-morpholin-4-ylethyl4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}- 
aniino)pyriimdine-5-carboxylate, 4-(4-<qfanophenyl)-2-( {2-[(5-mtro(2-pyridyl))- 
aiiiino]ethyl}ainino>6-(4-mtrophenyl)pyrimidine-S-carboxylic add, 4-(4-cyanoph«iyl)-2- 
({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)-6-(3-mtrophenyl)py^ 
acid, N-[(3-bromophenyl)methyl] {4-[2-({2-[(5-cyano(2-pyridyl))amiiio]efhyl}- 
amino)pyrimidin-4-yl]phenyl}carboxaniide, ethyl 4-(4-caibamoylphenyl)-2-({2-[(5-nitro- 
(2-pyridyl))ainiiio]efliyl})-6-(4-pyridyl) pyrimidine-5-caiboxylate, 2-(dHnethylamino)ethyl 
2-({2-[(6-amino-5-mtro(2-pyridyl))amino]efliyl}amino)-4-(2,4-dichloro- 
phaayl)pyrimidine-5-carboxylate,2-|>is(2-hydroxyethyl)amino]ethyl4-(4-(qran(^^ 
({2-[(5-mtro(2-pyridyl))amino]ethyl}aiiuno)pyriiiudine-5-car^ {4-[2-({2-[(4- 
ammo-5-cyanopyrimidin-2-yl)ainino]ethyl}aiiuno)pyriiiudin-4-yl]^^ 
phenyl)methyl]carboxaiiiide, 4-(4-carboxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]- 
ethyl}aInino)-6-(4-mt^ophenyl)py^imidine-5-ca^boxylicacid, 2-hydroxy-3-moipholin-4-yl- 
propyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyriinid^ . 
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carboxylate, ethyl 4-(4-cyanophenyl)-2-({2-[(5-mtro(2-pyridyI))amino]ethyl}ainin 
nitrophenyl)pyrimidine-5-caiboxylate,(2-{5-[2-({2-[(6-amino-5-mtro(2-pyridy^ 
ethyl}ainino)-4-(2,4-dichlorophenyl) pyriimdin-5-yl](l,2,4-oxadiazol-3-yl)} ethyl)- 
dimethylamine, ethyl 4-(4-carbamoylphenyl)-2-( {2-[(5-nitro(2-pyridyl))aniino]efliyl} - 
amino)-6-(4^nitrophenyl)pyrimidme-5-carboxylate, [4-(4-imidazolylphenyl)pyTiinidin-2- 
yl] {2-[(5-mtro{2-pyiidyl))anuno] ethyl}amine, 4-[5-imidazolyl-2-({2-[(5-nitro(2-pyridyl))- 
amino]ethyl} ammo)pyriinidm-4-yl]benzenecarbonitrile, 4-[2-( {2-[(6-anjiiio-5-mtro(2- 
pyridyl))aniino]efhyl> amino)-5-imidazolylpyrimidin-4-yl]ben2«necaAomtr^^ [4-(2,4- 
dichlorophenyl)-5-iinida2»lylpyriinidin-2-yl] {2-[(5-mtro(2-pyridyl))aimno]ethyl} atnine, 4- 
[2-({2-[(5-mtro-2-pyridyl)amino]ethyl}ammo)-7a-hydro-l^,4-triazolo[l,5-a]pyrim 
yl]benzenecarbonitrile, {2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl} [4-(2,4-dichloro- 
phenyl>5-imidazolylpyrimidin-2-yl]ainineJ4-(2,4-dichloiophmyl)-5-i^ 
pyriinidin-2-yl]{2-[(5-nitro(2-pyridyl))aiiimo]ethyl}ainine,6-[(2-{[4-^^ 
5-iiiddazolylpyranDLidin-2-yl]ainino}ethyl)aiiuno]pyridin^ [5-benzotriazolyl- 
4-(2,4-dicmorophenyl)pyriimdin-2-yl]{2-[(5-nitro(2-pyridyl))am^ [2-({2- 
[(6-anuno-5-nitro(2-pyridyl))amino3ethyl}amino)-4-(2,4-dichlorophen 
yl]methan-l-ol, [4-(2,4-dicmorophenyl)-2-({2-[(5-mtro(2-pyridyl))aiiuno]ethyl}ainino) - 
pyrunidm-5-yl]methan-l-ol, 2-[2-({2-[(6-ammo-5-nitro(2-pyridyl))amino]ethyl}amino)-4- 
(2,4-dicMorophenyl)pyriimdin-5-yl]isomdoline-l,3-dione, [5-amino-4-(2,4- 
dichlorophenyl)pyrimidin-2-yl3 {2-[(6-amino-5-mtro(2-pyridyl))ainino]ethyl}atnine, {2- 
[(6-ammo-5-mtro(2-pyridyl))ammo]e1hyl}[4-(2,4-dicMorophenyl)-5-morpholin-4-^^^ 
pyrunidin-2-yl]ainine, {2-[(6-amino-5-nitro(2-pyridyl))ainino]etiiyl}{4-{2,4-dichloro- 
phenyl)-5-[5-(trifluon)mefhyl)(l,2,3,4-tetraazolyl)]pyTiimdin-2-yl}amine, l-[2-({2-[(6- 
amino-5-mtro(2-pyridyl))amino]ethyl}ammo)-4-(2,4-dicUoTophenyl)pyrimidi^^ - 
pyirolidme-2,5-dione, [4-(2,4-dicMorophenyl)-5-pyrazolylpyrimidm-2-yl] {2-[(5-nitro(2- 
pyridyl))ainino]ethyl}ainme, [4-(2,4-dichIorophenyl)-5-(4-methyliimda2olyl) pyrimidin-2- 
yl] {2-[(5-mtro(2-pyridyl))aniino]efhyl}ainine, [4-(2,4-dichlorophenyl)-5-(2,4- 
dimethylimidazolyl)pyriimdin-2-yl] {2-[(5-nitro(2-pyridyl))ainino]ethyl}ainiiie, 6-[(2- {[4- 
(2,4-di(Alorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]ainino}ethyl)amino]pyridm^ 
carbonitrile, {2-[(6-anuno-5-mtro(2-pyridyl))ammo]ethyl}[4-(2,4-dichlon>phenyl>5- 
(morpholin-4-ylmethyl)pyrimidin-2-yl]amine, {2-[(6-aimno-5-mtro(2-pyridyl))ammo]- 
elhyl}[4-(2,4-dichlorophenyl)-5-piperazinylpyrimidin-2-yl]ainine, {2-[(6-amino-5-mtro(2- 
pyridyl))ainino]ethyl} [4-(4-ethylphenyl)-5-inudazolylpyriinidin-2-yl]amine, 1 -[4-(2,4- 
dicMorophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}amino)pyrimidin-5-yl]- 
hydropyridin-2-one, [5-benzinaidazolyl-4-(2,4-dicWorophenyl)pyrimidin-2-yl]{2-[(5-mtro- 
(2-pyridyl))aiiuno]ethyl} amine, {2-[(6-aimno-5-nitro(2-pyridyl))ainino]ethyl} [4-(2,4- 
dicmorophenyl)-5-inudazolylpyrimidm-2-yl]methylainine, {2-[(6-amino-5-mtro(2- 
pyridyl))ainino]ethyl}[4-(2,4-dicWorophCTyl)-5-(4-pyridyl)pyriimdin-2-y {2-[(6- 
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ainino-5-nitro(2-pyridyl))ainino]e&yl}[4-(2,4-dicUoroph^ 

pyrimidin-2-yl]amine, [4-(2,4-dicMorophenyl)-5-(2-mefhylimidazolyl) pyriimdin-2-yl] {2- 
[(5-nitro(2-pyridyl))ainino]ethyl}amine, {2-[(6-ainino-5-mtro(2-pyridyl))amino]ethyl} [4- 
(2,4-dicUorophenyl)-5-(2-metliylimidazolyl)pyriim {2-[(6-amino-5- 
5 mtro(2"pyridyl))ainino]ethyl}[4-(2,4-dicWorophenyl>5-(4-ph 

yljamine, {2-[(6-amino-5-mtro(2-pyridyl))arnino]ethyl} [4-(2,4~dichlorophenyl>5-(2,4- 
dimethylimidazolyl)pyriimdin-2-yl]^ [4-(2^4-dichlorophenyl)-5-imidazol-2- 
ylpyriimdin-2-yl](2-{[5Ktriflixorome&yl)(^^^ anmio}ethyl) amine, I4-(2,4- 

dicUorophenyl)-5-piperazinylpyiiiiidin-2-^^^ {2-[(5-mtro(2-pyridyl)) aii)ino]ethyl} amine, 

10 [4<2,4-dicMorophenyl)-5-imidazolylpyriimdin-2-^^^ 

nitro(2-pyridyl))ainino]ethyl}amine, l-[2-({2-[(6-amino-5-mtro(2-pyridyl))amino]e^ 
aiiuno>4-(2,4-dichlorophenyl)pyriniidin"5-^^^ [4-(2,4- 
dicUorophenyl>5-<l-me1iiylimidazol-2-yl)pyrimidm^ {2-[(5-nitro(2-pyridyl))amino]- 
ethyl}aniine, l-[2-({2-[(6-ainino-5-mtro(2-pyridyl))amino]efhyl}aiiuno)-^ 

15 phenyl)pyrinudin-5-yl]-3-morpholin-4-ylpyn:olidine-^^ l-[4-(254-dichlorophenyl)- * 

2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ainino)pyriinidin^ 
dione, 1 -[2-( {2-[(6-amino-5-nitro(2-pyridyl))aniino]ethyl} amino)-4-(2,4- 
dicWorophenyl)pyi±rmdin-5-yl]-3-(dimethylamino)pyrroU {5-iinidazol-2- 
yl-4-[4-(trifluoromethyl)phenyl] pyrimidin-2-yl} {2-[(5-nitro(2- 

20 pyridyl))amino]ethyl} amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4- 

dichlorophenyl)-5-(l -me1iiylimida2ol-2-yl)pyrimidin-2-yl]ainine, [4-(2,4-dicWoroplienyl> 
5-(4-methylpiperazinyl)pyriniidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine, [4-(2,4- 
dichlorophenyl)-5-(morpholin-4-ylmethyl) pyrimidin-2-yl] {2-[(5-nitro(2- 
pyridyl))amino]ethyl} amine, [4-(2,4-dichlorophenyl)-5-(4-me1iiylimidazol-2-yl)pyrimid^^ 

25 2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino3- 
ethyl}t4-(2,4-dicmorophenyl>5-(4-methylimidazol-2-yl)^ {2-[(6- 
amino-5-mtro(2-pyridyl))amino]ethyl}[4-(2-cWorophenyl> 

yl]amine, [4-(2-chloro-4-fluorophenyl)-5-iinidazol-2-ylpyri^ {2-[(5-nitn)(2- 
pyridyl))amino]ethyl}amine, [4-(2,4-dicMorophenyl)-5-im 

30 nitro(2-pyridyl)) amino3efliyl}(2.pyirolidinylethyl)ainine, [4-(2,4-dichlorDphenyl)-5- 
imidazolylpyrimidin-2-yl](2-moipholin-4-ylelhyl) {2-[(5-nitro(2- 
pyridyl))anuno]ethyl} amine, 6-[(2- {[4-(2,4-dichlorophenyl)-5-(4-methylmudazol--2- 
yl)pyrimidin-2-yl]amino}ethyl)ainino]pyridme-3-carbonitri {2-[(6-amino-5-nitro(2- 
pyridyl))amino]ethyl}[4-(2-cmoro-4-fluorophenyl)-5-imida2ol-2 

35 [4-(4-etiiylphenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-mtro(2- 

pyridyl))amino]ethyl} amine, [5-((lE)-l-aza-2'morpholin-4-ylprop-l-enyI>4-(2,4- 
dichlorophenyl)pyrimidin-2-yl] {2-[(6-amino--5-nitro(2-pyridyl))amino]ethyl} amine, N-[4- 
(2,4-dicMorophenyl)-2-({2-[(5-mtro(2-pyridyl))amino]ethyl}ainino)py^ 
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acetamide, [4-(2,4-dichlorophenyl>5-imida2ol-2-ylpyrmiidin-2-yl]{2-[(6-meflioxy-5- 
nitro(2-pyridyl))amino]ethyl } amine, 6-[(2- {[4-(2,4-dichlo^ophenyl)-5-iInidazolyl- 
pyrimid^n-2-yl]methylamino} ethyl)ainino] pyridine-3-carbonitrile, 6-[(2- {[4-(2,4-dichloro- 
phenyl)-5-imidazol-2-ylpyriirudin-2-yl]methylainino}efhyl)amino]pyridm^^ 
[4-(2,4-dicWorophenyl)-5-imidazol-2-ylpyriimdm-2-yl]methyl{2-[(5-m1^^ 
aimno]ethyl} amine, 6-[(2- {[4-(2-cWoro-4-fluorophenyl)-5-inudazol-2-ylpyrimidin-2- 
yl]ainino}ethyl)ainino] pyridine-3-carbonitrile, [4-(4-chlorophenyl)-5-iinidazol-2- 
ylpyiimidm-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amme, {2-[(6-ainmo-5-nitro(2- 
pyridyl))amino]ethyl}[4-(4-chloro-2-methylphenyl)-5-iniidazol-2-ylpyiimidin-2-yl] 
{2-[(6-amino-5-mtro(2-pyridyl))amino]ethyl}[4-(4-bromo-2-<Morophenyl)-5-m^ 
ylpyrimidm-2-yl]ainine, 6-[(2- {[4-(4-bromo-2-cMorophenyl)-5-imidazol-2-ylpyriimdinr2- 
yl]amino}ethyl) ainino]pyridme-3-carbonitrile, 6-[2-({2-[(6-animo-5-mtro(2- 
pyridyl))amino] ethyl} aminoM-(2,4-dicmorophenyl)pyrinudin-5-yl]-3-pym>lmo[3,4- 
b]pyridme-5,7-dione, N-[2-( {2-[(6-amino-5-nitK)(2-pyridyl))ainmo]etliyl}ammo)-4-(2,4- 
dichlorophenyl) pyriniidin-5-yl]-2-(methylaimno)acetaimde, {2-[(6-aniino-5-mtro(2-' 
pyridyl))aimno]ethyl}[4-(4-bromo-2-cWorophenyl)-5-(4-methyliimdazol-2-yl)^ 
yljamine, 6-[(2- {[4-(4-bromo-2-cWorophenyI)-5-(4-metfayliinidazol-2-yl)pyrimidin-2- 
yl]amino}etiiyl)aniino]pyridine-3-carbonitrile, {2-[(6-anmio-5-nitro(2-pyridyl))amino] - 
ethyl}[4-(2-cMoro-4~fluorophenyI)-5<4-methylimidazoI-2-yl)pyiimidin-2-yl]ainm 6-[(2- 
{[4T(2,4-dicUorophenyl)-5-(5-chloro-2-oxohydropyridyl)pyrimidm-2-yl]amino}efliyl^ 
ainmo]pyridine-3-carbomtrile, [6-(2,4-dichlorophenyl)-5-inudazolyl(2-pyridyl)]{2-[(5- 
mtro(2-pyridyl))aniino]ethyl}amine, {2-[(6-amino-5-mtro(2-pyridyl))amino] ethyl} [6-(2,4- 
dichl6rophenyl)-5-iniidazolyl(2-pyridyl)] amine, 6-[(2- {[6-(2,4-dichlorophenyl)-5- 
imidazolyl-2-pyridyl]ainino}ethyl)amino3pyridine-3-carbomtrile, {2-[(6-amino-5-mtro(2- 
pyridyl))amino]efliyl}[6-(2,4-dichlorophenyl)-5-mtro(2-pyridyl)]amine, {2-[(6-amino-5- 
mtro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-(4-methyiimidazolyl)(2- 
pyridyl)]ainme, 6-[(2- {[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)-2-pyridyl]- 
amino}ethyl)aminoipyridme-3-carbomtrile, and [4-(4-bromo-2-chlorophenyl)-5-imidazol- 
2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine. 

Accordingly, tihiese results demonstrate tiiat compounds of the present invention 
exhibit inhibitory activity against GSK3. 

Example 266 ' 
Screenin g for GSK3 Inhibitorv Activitv Using a Cell-Based Glvcogen Synthase Assav 
CHO-HIRC cells are maintained in 10 cm tissue culture plates in Ham's F12 
medium/10% dialysed fetal boviae serum. Cells fiom a conflurait 10 cm plate are 
harvested and divided into the 6 wells of a 6-well tissue culture plate to a final volume of 2 
ml of medium. The cells are left to grow at 37*C for 24 hours. The cells are then washed 
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three times in Ham's F12 medium containing no fetal bovine serum, and finally the cells 
are left for a further 24 hours at 3TC in 2 ml of the serum-fi-ee medium. 

At the end of this time, 20 fxl of compound dissolved in DMSO is added to each 
well and incubated at 37^C. After 20 minutes the medium is removed and the cells are 
5 washed once in PBS at room temperature and then rapidly fi-ozen in the plates in liquid 
nitrogen. Cells are then thawed on ice in the presence of 140 ^il of lysis buffer (50 toM 
Tris pH 7.8; 1 mM EDTA, 100 mM NaF, 25 jxg/ml leupeptin, 1 mM DTT, 1 mM PMSF) 
per well. Cells are scraped from the plates and frozen in Eppendorf tubes on dry ice. 
Lysates are then thawed and refrozra on dry ice. 

10 After rethawing, lysates are spun at 14,000 g for 15 minutes. The supematants are 

then removed and stored on ice. Each supernatant (45 is added to 45 |uil of reaction 
buffer (65 mM Tris pH 7.8; 26 mM EDTA, 32.5 mM KF, 9.3 jtnM UDP-glucose; 1 1 mg/ml 
glycogen; 500 nCi/ml ^"^C-UDP-glucose) and a fiarther 45 jil is added to 45 jaI reaction 
buffer/20 mM glucose-6-phosphate. Reactions are incubated at 30^C for 30 nainutes and 

15 then spotted onto a 2 cm square 31ET chromatograph paper (Whatman). Filter papers are 
washed twice for 20 minutes in 66% ethanol, rinsed briefly in acetone and dried for 1 hour 
at room temperature. 

Filters are added to 5 ml of liquid scintillant and coimted in a liquid scintillation 
counter. The percentage of the total glycogen synthase that is active in any lysate is 

20 expressed as 1 OCX (cpm minus glucose-6-phosphate)/(cpm plus glucose-6-phosphate). 
Such values are determined in duplicate for 5 different concentrations of compotmd and for 
DMSO alone, and the values are then plotted against the logarithm of the concentration. 
The concentration of compound which stimulates glycogen synthase activity to 50% of the 
maximal level is determined by fitting a sigmoidal curve to the plotted data. The maximal 

25 level is defined as that level to which glycogen synthase activity tends asymtotically as the 
concentration of test compound increases substantially beyond the EC50. 

Example 267 

Screening for Inhibition of Tau Protein Phosphorylation 

A. Transieot Transfection of COS Cells with GSK3 Expression Plasmid and Tau 
30 Expression 

Plasmid Construction 

COS cells are maintained in T25 tissue culture flasks in high glucose MEM 
medium / 5% fetal bovine serum. Cells from a confluent T25 flask are harvested and 
80,000 cells/well are seeded into Coming 6-well tissue culture plates in a final volume of 2 
35 ml/well of medium. The cells are left to grow at 37 °C for 48 hours. The cells are then 
washed twice in Opti-MEM containing no fetal bovine semm, and finally the cells are left 
in 1 ml of Opti-MEM. 
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Polynucleotide encoding tau protein is subcloned into plasmid pSG5 under an early 
S V40 promoter to generate a tau expression plasmid. The cloning of cDNA encoding tau 
protein is generally described in GoedCTt et al., EMBO Journal, 8(2):393-399 (1989), 
which is incorporated herein by reference. A GSK3 expression plasmid is prepared by 
5 subcloning polynucleotide encoding GSK3p into pCG, which is aix ApEVRF derivative 
described in Giese et al.. Genes & Development, 9:995-1008 (1995) and Matthias et al.. 
Nucleic Acid Research^ 17:6418 (1989), both of which are incorporated herein by 
reference. 

The following solutions are prepared in 1.5 ml Eppendorf tubes: Solution A: for 
10 each transfection, 2 jig of DNA (tau expression plasmid) and 0.7 jig of DNA (GSK3 
expression plasmid) are diluted into 100 ^1 of Opti-MEM (Gibco BRL); Solution B: for 
each transfection, 8 \sX of Lipofectamine reagent is diluted into 100 jil of Opti-MEM. The 
two solutions are combined, mixed gently, and incubated at room temperature for 45 
minutes to allow DNA-liposome complexes to form. For each transfection, 0.8 ml of Opti- 
1 5 MEM is added to the tube containing the complexes. The diluted solution is mixed genfly 
and overlaid onto the rinsed cells. The cells are incubated with the complexed DNA / 
Lipofectamine for 6 hours at ST'^C in a CO2 incubator. Following incubation, 1 ml of 
growth medium (high glucose MEM) with 20% FBS is added to each well and incubated at 
37°C overnight. The medium is replaced with fresh, complete medium at 18 hours 
20 following the start of transfection, and the cells are left to grow at 37 °C for another 48 
hours. 

B . Tau Phosphorylation Inhibition assay 

Two hours before harvesting, 2 jjil of test compomd (GSK3 inhibitor) dissolved in 
DMSO is added to each well and incubated at 37''C. After 2 hours the medium is removed 
25 and the cells are rapidly frozen on the plates on dry ice and stored at -70°C. Cells are 
thawed on ice in the presence of 200 ^xl of lysing buffer (1% Triton® X-100, 20 mM Tris 
• pH 7.5, 137 mM NaCl, 15% glycerol, 25 jiig/ml leupeptin, 1 fig ml pepstatin-A, 1 \iM 
PMSF, 21 fig/ml aprotinin, 50 mM NaF, 50 mM P-glycerophosphate, 15 mM sodium 
pyrophosphate, 1 mM sodium orfhovanadate). The contents of each well are centrifiiged at 
30 14,000 g, 4^C for 5 minutes and ttie supematants transferred to clean tubes. At this point 
the lysates may be stored at -20°C, 

C. ELISA to detect phosphorylated tau in cell lysates 

hnmulon 4 strips (Dynatech) are coated with monoclonal anti-phosphorylated tau 
(ATS, Polymedco, Inc.) at 5 |ig/ml in PBS containing Ca-H- and Mg-K-, 100 |il/well. After 
35 overnight incubation at 4''C, the strips are washed twice with washing buffer (PBS 
containing 0.05% Tween® 20) and blocked with PBS containing 1% BSA, 5% normal 
mouse serum and 0.05% Tween® 20 at room temperature for 1 hour. The strips are washed 
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5 times with washing buffer. Lysate (100 diluted 1:10 in PBS containing 1% BSA, 
0*1% NaNa is added into each well and incubated at room temperature for 1 hour. After 
washing, 100 ^l of 0.5 \xg/m\ biotinylated monoclonal anti-(non-phosphorylated) tau (HT7, 
Polymedco, Inc.) in PBS-BSA is added into each well. Strips are washed 5 times and 
5 HRP-conjugated streptavidin is added, incubated at room temperature for 30 minutes and 
washed extensively with washing buffer. TMB substrate (Pierce) is used for color 
'i . development and the reaction is stopped by adding an equal volume of 0.8 M sulfuric acid. ' 
Strips are read on an ELISA plate reader using a 450 nm filter. The conc^tration of „ 
compound that inhibits tau phosphorylation to 50% of the maximal level (i.e., IC50) is 
1 0 determined by fitting a sigmoidal curve to the plotted data. 

Example 268 
Testing the potential of GSK3 inhibitors to protect 
primary hippocampal cells firom glutamate excitotoxicitv 
Hippocampi were dissected j&om embryonic day 18-19 rats. The tissue was 

15 collected in Hib^ate TM media (Gibco BRL) arid minced into approximately Inmn 
pieces. Tissue was dissociated using the Papain Dissociation System (Worthington 
Biochemical Corporation). Following isolation the cells were resuspended in serum-firee 
media composed of Neurobasal TM (Gibco BRL), 2% B27 supplement (GibcoBRL), L- 
glutamine and antibiotics. Cells were plated in 35mm tissue culture dishes coated with 

20 poly-L-lysine at a concentration of 7.5x104 cells per dish. Following 10-14 days at 37°C 
in 5% C02 cells were rinsed and fed with jfresh media. The next day representative 
compounds of the invention were added to the culture media to a final concentration of 
between InM and 100|iM. Fovir to eight hours following compoimd addition the 
conditioned media was removed from cells and stored at 37''C. Cultures were rinsed twice 

25 with HEPBS-buffered balanced salt solution (HBSS) containing lO^xM glycine. Grabb and 
Choi, J. Neuroscience 19:1657-62 (1999). Cultures were then exposed for 5min at room 
temperature to 200|iM glutamic acid in the same HBSS. Following exposure, cultures 
were rinsed three times with the buffer and then returned to their original conditioned 
media containing the compounds. Twenty to twenty-four hours following glutamic acid 

30 exposure, cultures were rinsed in HBSS and exposed for 10 min to Trypan Blue. This dye 
is taken up by dead cells. The cultures were rinsed and then fixed for 30 min in 4% 
paraformaldehyde . The number of live and dead (blue nuclei) large neurons are counted 
(at least 200 cells firom each culture) by phase contrast miaroscopy and photographed. 
Using this method, compounds of this invention have been shown to be capable of 

35 significantly reducing the potential of glutamate to induce neuronal cell death. 
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Example 269 
Evaluation of EfiScacy in Diabetic Rodents 
(The jglucbse tolerance test) 

Compound fonnnlation for oral dosing: 
5 Test compounds were typically formulated for oral gavage as solutions in water or 

suspensions in 1% carboxymethylcellulose/0.1% tween-80 (both from Sigma Chem., MO) 
the day prior to administration. Some early compounds were formulated as solutions in 
15% Captisol (a modified cyclodexytrin by CyDex Co., IL) following procedures common 
to those below. For water solutions, dry and lyophilized test compound powder is 

10 solubilized in distilled water and mixed well by vortexing and sonicating. If necessary, test 
solution is pH adjusted with 1 N NaOH or 1 N HCl and is finally sterile filtered through a 
syringe appended with a 0.2 micron cellulose acetate membrane (Millipore Co., MA). For 
oral suspensions, the test compound powder is mixed with a firesh suspension of 1% 
carboxymethylcellulose/0.1% tweien-80 and extensively sonicated, jpH adjusted if 

15 necessary as described above, and vortexed imtil particle size is homogeneous and <10 
micron in size. 

Diabetic mouse glucose tolerance test: 

Obese db/db (female C57BlKs/J) mice were obtained fi-om Jackson Labs (Bar 
Harbor, ME) at 8 weeks of age and used for efficacy testing 1-2 weeks later. On the 

20 morning of a test, food was removed early in the morning (7-8hrs prior to the glucose 
bolus). Local anesthetic (EMLA crdme, Astra Pharm., MA) was applied to the end of the 
tail and 50-1 OOul blood samples were obtained from snips of the tail tip and collected into 
eppendorf tubes containing 5ul 500U/ml sodium heparin (Elkins-Sinn, NJ) with subsequent 
isolation of plasma. Samples were obtained at various intervals throughout the day for a 

25 total of 6-8 time points. Mice were randomized into treatment groups and administered the 
first oral dose of test compound (0.2 ml volume) 4.5 hr prior to the glucose and again 0.5 
hr prior to administration of 0.2 ml 50% dextrose (Abbott Lab., IL) via oral gavage (oGTT) 
or intraperitoneal injection. After the final blood sample about 2 hr following the glucose 
administration, food was returned to the animals. 

30 Regulation of basal glycemia and insulinemia: 

Test compomds were typically orally administered to db/db mice (see above) or 
ZDF rats (Genetic Models, Inc.; Indianapolis, IN ) in the context of a multi-day, multi-dose 
regimen or as a single bolus. The ZDF rats were received at 8 weeks of age and used for 
efficacy testing 1-2 weeks later. Food was removed about 30min prior to dosing and a 

35 single bolus of test compoxmd (dosing volume ranging fi-om 1-8 mg/ml) was 
administered. Blood was sampled as described above at 1-6 time points over the next 2-3 
hr. Food was retumed to the animal cages following the blood sampling. 
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Primary endpoints: 

Glucose and insulin levels are measured jBrom plasma and/or blood samples. 
Glucose levels are measured from whole blood by the One-Touch glucometer (Lifescan 
Co., CA) and from plasma by Beckman glucose analyzer. Glucose results typically reflect 
5 blood values for mouse and plasma values for rat studies. Measurement of insulin levels 
has been via ELISA (Crystal Chem. Co., IL) following the supplier's protocol. 

Results Quantitation: 

Efficacy may be expressed as mg/dL glucose or ng/ml insulin or represented as area - \ 
under the curve (AUC) for plasma glucose (taken above the normoglyceniic baseline of 

10 100 mg/dL) and insulin (taken above the normoinsulin^cnic baseline of 1 ng/mL). 
Typically, when expressed as AUC, the results are actually represented as reduced AUC 
([(vehicle control AUC - test group AUC)/vehicle control AUCXIOO]). Such expression ^ 
provides a single quantitative expression of the magnitude of improved glucose disposal 
and/or reduced basal hyperglycemia or insulin conservation relative to the placebo control 

15 group. 

Results: 

Representative compounds of the invention exhibited good in vitro potency, and 
when formulated in captisol and administered s.c. to mice (30 mg/kg), exhibited high 
bioavailability and tissue penetrance in vivo, A significant reduction in basal 

20 hyperglycemia just prior to the glucose tolerance test, and significantly improved glucose 
disposal following glucose challenge were observed. A 45-50% reduction in the AUC 
relative to the control group was observed if the glucose response is quantitated by 
determining the area under the blood gjucose curve (AUC) fix)m -60 min to +120 min. 
This is comparable to the efScacy obtained witii Troglitazone (when dosed orally for at ^ 

25 least several days at either 60 or 100 mg/kg/day). Also of significance was the observation " 
that insulin levels in treated animals r^ained lower than in control mice. 

While preferred embodiments of the invention has been illustrated and described, it 
will be appreciated that various changes can be made therein without departing from the 
spirit and scope of the invention. 

30 

..//.. ^ 
..//.. 
35 ..//.. 
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That which is claimed is: 

1 . A compoimd having the structure: 




wherein: 

W is optionally substituted carbon or nitrogen; 

X and Y are independently selected from the group consisting of nitrogen, oxygen, 
and optionally substituted carbon; 

A is optionally substituted aryl or heteroaryl; 

Ri, R'l, R2, R'2, R3, R3, R4 and R'4 are independently selected from the group 
consisting of hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, 
cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, 
arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl, and R'l, R 2, R*3 and R 4 are independently selected from the groiq) consisting of 
hydrogen, and optionally substituted loweralkyl; 

R5 and R7 are independently selected from the group consisting of hydrogen, halo, 
and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, 
alkylamino, aralkylamino, heteroaralkylamino, arylamino, heteroarylamino cycloimido, 
heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, 
heteroaryl, heterobiaryl, heterocycloalkyl, and arylsulfonamido; 

Re is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or imsubstituted loweralkyl, 
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 
alkylaminocarbonyloxy, arylannnocarbonyloxy, formyl, loweralkylcarbonyl, 
loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, 
anmioalkoxy, alkylamino, heteroarylamino, alkylcarbonylamino, 

alkylaminocarbonylamino, arylaminocarbonylamino, aralkylcarbonylamino, 

heteroaralkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino cycloamido, 
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(^clofhioamido, cycloamidino, heterocycloamidino, cycloimido, heterocydoiinido, 
guanidinyl, aiyl, het^oaiyl, heterocyclo, heterocycloalkyl, arylsulfonyl and 
arylsulfonamido; 

and the pharmaceutically acceptable salts thereof. 

2. A compound of claim 1 wherein at least one of X and Y is nitrogen. 

3. A compound of claim 2 wh^ein one of X and Y is nitrogen and the 
ofher of X and Y is optionally substituted carbon. 

4. A compound of claim 2 wherein one of X and Y is nitrogen and the 
other of X and Y is oxygen. 

5. A compound of claim 2, wherein both X and Y are nitrogen. 

6. A compound of claim 1, wherein A is an aromatic ring having from 
3 to 10 carbon ring atoms and optionally 1 or more ring heteroatoms. 

7. A compound of claim 6, wherein A is optionally substituted 
carbocyclic aryl. 

8. A compound of claim 6, wherein A is optionally substituted 
heteroaryl. 

9. A compound of claim 6, wherein A is selected jBx)m the group 
consisting of substituted or unsubstituted pyridyl, pyrimidinyl, tiiiazolyl, indolyl, 
imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl, 
purinyl, naphthyl, benzothiazolyl, benzopyridyl, and bCTziinidazolyl. 

10. A compoimd of claim 6, whwein A is substituted with at least one 
and not more than 3 substitution groups. 

11« A compound of claim 10, wherein said substitution groups are 

independently selected from flie group consisting of nitro, amino, cyano, halo, thioamido, 
amidino, oxamidino, alkoxyamidino, imidino, guanidino, sulfonamido, carboxyl, formyl, 
loweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweraUcoxyalkyl, 
loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkylcarbonyl, 

lowerheteroaralkylcarbonyl, alkylthio, aminoalkyl and cyanoalkyl. 

12. A compound of claim 6 wherein A has the formula: 
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wherein Rg and R9 are independently selected from the group consisting of 
hydrogen, hydroxy, nitro, amino, cyano, halo, tbioamido, amidino, oxamidino, 
alkoxyamidino, imidino, guanidinyl, sulfonamido, carboxyl, formyl, loweralkyl, 
5 aminoloweralkyl, lowearalkylaminoloweralkyl, halolowerallcy^l, loweralkoxy, 
haloloweralkoxy, loweralkoxyalkyl,loweralkylaminoloweralkoxy, loweralkylcarbonyl, 
loweraralkylcarbonyl, lowerheteroaralkylcarbonyl, alkylthio, aryl and, aralkyL 

13. A compound of claim 9, wherein A is selected from the group 

consisting of aminopyridyl, nitropyridyl, anunonitropyridyl, q^anopyridyl, cyanofhiazolyl, 
10 aminocyanopyridyl, trifluoromethylpyridyl, methoxypyridyl, mefhoxynitropyridyl, 
mefhoxycyanopyridyl and nitrothiazolyl. 

14. . A compound of claim 1, wherein at least one of Ri, R*i, R2, R'2, R3, 

Ra', R4, and R'4 is substituted loweralkyl selected from the group consisting of hydrogen, 
unsubstituted or substituted loweralkyl, haloloweralkyl, heterocycloaminoalkyl, and 
15 loweralkylaminoloweralkyl. 

15. A compound of claiml 4, wherem at least one of Ri, R'l, R2, R'a, R3, 
R3', R4, and R'4 is loweralkylaminoloweralkyl. 

16. A compound of claiml4, wherein Ri, R'l, R2, R'2, R3, Ra'and R4 are 
hydrogen and R'4 is selected from the group consisting of hydrogen, methyl, ethyl, 

20 aminoethyl, dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, 
piperazinylethyl and morpholinylethyl: 

17. A compound of claim 1, wherem at least one of R5 and R7 is 
selected from the group consisting of substituted and unsubstituted aryl, het^oaiyl and 
biaryl. 

25 18. A compound of claim 17 wherein at least one of R5 and R7 is a 

substituted or unsubstituted moiety of the formula: 
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(m) 

wherein Rio, Rn, Ru, RiSs and Rm are independenfly selected fix)m the groiq> 
consisting of hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and 
optionally substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, 
haloloweralkoxy, aminoalkyl, alkylamino, aminoalkylalkynyl, alkylanainoalkylalkynyl, 
alkylthio, alkylcarbonylamino, aralkylcarbonylanGdno, heteroaralkylcarbonylamino, 
arylcarbonylamino, heteroarylcarbonylanmio aminocaibonyl, loweralkylaminocarbonyl, 
aminoaralkyl, , loweralkylaminoalkyl, aiyl, heteroaryl, cycloheteroalkyl, aralkyl, 
alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy> arylcarbonyloxyalkyl, 
alkylcarbonyloxyalkyl, heteroaiylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, and 
heteroaralkcarbonyloxyalkyL 

19. A conoipound of claim 18 wherein Rio, Riu Ri3> and R14 are 
hydrogen and R12 is selected from the group consisting of halo, loweralkyl, hydroxy, 
loweralkoxy, haloloweralkyl, aminocaibonyl, alkylaminocarbonyl and cyano. 

20. A compound of claim 1 8 wherein Rh, R13, and Rm are hydrogen and 
Rio and R^ are independently selected from the group consisting of halo, loweralkyl, 
hydroxy, loweralkoxy, haloloweralkyl and cyano. 

21. A compound of claim 18 wherein Rio, Rn, R13, and Rh are 
hydrogCTt and R12 is heteroaryl. 

22. A compound of claim 18 wherein Rio, Ru, R13, and R14 are 
hydrogen and R12 is a heterocycloaUcyl. 

23. A compound of claim 18 wherein at least one of Rw, Ru, R12, Ria, 
and Ri4 are halo and the remainder of Rio, Riu R12, Rib, and R14 are hydrogen. 

24. A compound of claim 18 wherein at least one of R5 and R7 is 
selected from the group consisting of dichlorophenyl, difluorophenyl, 
trifluoromethylphenyl, chlorofiuorophenyl, bromochlorophenyl, ethylphenyl, 
methylchlorophenyl, imidazolylphenyl, cyanophenyl, moiphlinophenyl and 
cyanochlorophenyl. 
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25. A compound of claim 1, wharein is substituted alkyl selected 

&om flie group consisting of aralkyl, hydioxyalkyl, anunoalkyl, aminoaraftyl, 
carbonylaimnoalkyU alkylcarbonylaminoalkyl, aiylcarbonylaminoalkyl, aralkylcarbonyl- 
aminoalkyl, aminoalkoxyalkyl and aiylaminoaUcyl. 

5 26. A compound of claim 1, wherein is substituted amino selected 

from the group consisting of alkylamino, alkylcarbonylamino, alkoxycarbonylamino, 
arylalkylamino, arylcarbonylamino, alkylthiocarbonylamino, arylsulfonylamino, 
heteroarylamino alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino, 
aralkylcarbonylamino, and heteroaralkylcarbonylanMno. 

10 27. A compound of claim 1, wherein Re is selected from the group 

consisting of unsubstituted or substituted aminocarbonyl, aUcyloxycarbonyl, 
aryloxycarbonyl, aralkyloxycarbonyl and alkylaminoalkyloxycarbonyL 

28. A compound of claim 1, wherein TU is selected from the group 
consistuig of amidino, guanidino, cycloimido, heterocycloimido, cycloamido, 

15 heterocycloamido, cyclothioamido and heterocyclolowerallQrl. . 

29. A compound of claim 1, wherein R^ is aryl. 

30. A compound of claim 1, wherein Re is heteroaryl. 



20 



31- A compound of claim 30, wherein Re is selected from the group 

consisting of substituted or unsubstituted pyridyl, pyrimidinyl, piperazinyl, thiazolyl, 
indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl, 
quinolinyl, pyrrolylpyridyl, benzothiazolyl, benzopyridyl, benzotriazolyl, and 
benzimidazolyl. 

32. A compound of claim 31, wherein R^ is a monoketopiperazinyl 

group having the structure: 



25 "Ri5 

wherein R15 and Rje are independently selected from the group consisting of 
hydrogen, loweralkyl, loweralkynyl, aiyl, heteroaryl, arylloweralkyl, 
loweralkylarylloweralkyl, haloloworalkyl, haloaryllowerallQrl carfoocyclic and 
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heterocyclic; or Rjg can be taken with another Rjg or with R15 to form a carbocyclic, 
heterocyclic or aryl ring; and o is an integer.betwem 1 and 6. 

33. A compound of claim 32, wherein R15 is loweralkyl. 

34. A compound of claim 33, wherein R15 is selected from the group - 
5 consisting of methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl and t-butyl. 

35. A compound of claim 32, wherein R15 is taken with R15 to form a 
group having the structure: 




36. A compound of claim 32, wherein R15 is taken with Rj^ to form a 

1 0 group having the structure: 




37. A compoimd having the structure: 




(IV) 

wherein: 

15 - X is selected from tibe group consisting of nitrogen, oxygen, and optionally 

substituted carboi^ 

Ri, R2, R3 and R4 are indq>endeatly selected from the group consisting of 
hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, 
cyclicaininoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl. 
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arylcaibonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcaibonyl, aryl and 
heteroaryl; 

R5 is selected from the group consisting of hydrogen, halo, and optionally 
substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, all<ylanuno, aralkylamino, 
5 heteroaralkylamino, aiylamino, heteroarylamino cycloimido, heterocycloimido, amidino, 
cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, heteroaryl, heterobiaryl, 
' heterocycloalkyl, and arylsulforiamido; 

R6 is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 
10 loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
^) heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 

alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl, 
loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, 
aminoalkoxy, alkylamino, heteroaiylamino, alkylcarbonylamino, 

15 alkylaminocarbonylamino, arylaminocarbonylamino, aralkylcarbonylamino, 

heteroarallcyrlcarbonylamino, aiylcarbonylamino, heteroarylcarbonylamino cycloamido, 
cyclothioamido, cycloamidino, heteroqycloamidino, cycloimido, heterocycloimido, 
guanidinyl, aryl, heteroaryl, heterocyclo, heterocycloalkyl, aiylsulfonyl and 
aiylsulfonamido; 

20 Rg and R9 are independently selected from the group consisting of hydrogen, 

hydroxy, nitro, amino, qrano, halo, thioamido, amidmo, oxamidino, alkoxyamidino, 
imidino, guanidinyl, sulfonamido, carbo>^l, formyl, loweralkyl, aminoloweralkyl, 
loweralkylammoloweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweralkylammoloweralkoxy loweralkylcaibonyl, loweraralkylcaibonyl, 

25 lowerheteroaralkylcarbonyl, alkylthio, aiyl and, aralkyl; and 

Rio, Ru, R125 Ri3j and R14 are independently selected from the group consisting of 
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and optionally 
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy, 
aminoalkyl, alkylamino, alkylthio, alkylcarbonylamino, aralkylcarbonylamino, 

30 heteroaralkylcarbonylamino, aiylcarbonylamino, heteroarylcarbonylamino aminocarbonyl, 
loweralkylaminocarbonyl, aminoaralkyl, loweralkylaminoalkyl, aryl, heteroaryl, 
cycloheteroalkyl, aralkyl, and alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 
arylcarbonyloxyalkyl, alkyloxycarbonylalkyl, heteroarylcarbonyloxyalkyl, 

aralkycarbonyloxyalkyl, heteroaralkylcaibonyloxyalkyl; 

35 and tihie pharmaceutically acceptable salts thereof. 
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38. A compound of claim 37 wherein X is nitrogen. 

39. A compowd of claim 37 wherein X is oxygen. 

40. A compound of claim 37, wherein at least one of Rg and R9 is 
selected from the group consisting of nitro, amino, cyano, trifluoromethyl and 

5 loweralkoxy. 

41. A compound of claim 37, wherein at least one of Ri, R2, R3 and R4 
is substituted loweralkyl selected from the group consisting of hydrogen, unsubstituted 
loweralkyl, haloloweralkyl, heterocycloaminoalkyl, aminoloweralkyl and 
loweralkylaminoloweralkyl. 

10 42. A compound of claim 37, wherein at least one of Ri, R2, R3 and R4 

is loweralkylaminoloweralkyl. 

43. A compound of claim 37, wherein Ri, R2, and R3 are hydrog^ and 
R4 is selected from the group consisting of hydrogen, methyl, ethyl, aminoethyl, 
dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidmylethyl, piperazinylethyl and 

15 morpholinylethyl. 

44. A compound of claim 37, wherein R5 is selected from the group 
consisting of hydrogen and substituted and unsubstituted aryl, heteroaryl and biaryl. 

45. A compound of claim 37 wherein Rio, Rii, R13, and Rh are 
hydrogen and Ri2 is selected from the group consisting of halo, loweralkyl, hydroxy, 

20 loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano. 

46. A compound of claim 37 wherein Rn, R13, and R14 are hydrogen and 
Rio and R12 are indqjendently selected from the group consisting of halo, loweralkyl, 
hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and cyano. 

47. A compound of claim 37 wherein Rio is hydrogen or halo, Ru, R13, 
25 arid R14 are hydrogen and R12 is heteroaryl. 

48. A compound of claim 37 wherem Rio is hydrogen or halo, Rn, R13, 
and Ri4 are hydrogen and R12 is a heterocycloalkyl. 

49. A compound of claim 37 wherein at least one of Rio, Rn, R12, R13, 
and Ri4 are halo and the remainder of Rio, Rn, R12, R13, and R14 are hydrogen. 
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50. A ccHnpoimd of claim 37 wherein Rjo, Rii, R12, Ri3, and R14, taken 
together with the phenyl ring of structure IV, form a moiety selected from flie group 
consisting of dichlorophenyl, difluorophenyl, trifluoromethylphenyl, chlorofluorophenyl, 
bromochlorophenyl, efhylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyl, 
morpholinophenyl and cyanochlorophenyl. 

51. A compound of claim 37, wherein R6 is substituted alkyl selected 
from the group consisting of aralkyl, hydroxyalkyl, aminoalkyl, aminoaralkyl, 
carbonylaminoalkyl, alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, 
aralkylcafbonylanunoalkyl, aminoalkoxyalkyl and arylaminoalkyL 

52. A compound of claim 37, wherein R^ is substituted anodbao selected 
from the group consisting of alkylamino, alkylcarbonylamino, alkoxycarbonylamino, 
arylalkylamino, arylcarbonylamino, alkylthiocarbonylamino, arylsulfonylamino, 
heteroarylanfiino alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino, 
aralkylcarbonylamino, and heteroaraUcylcarbonylamino. 

53. A compound of claim 37, wherein Re is substituted carbonyl 
selected from the group consisting of unsubstituted or substitutedaminocarbonyl, 
alkyloxycarbonyl, aiyloxycafbonyl, aralkyloxycarbonyl and alkylaminoalkyloxycarbonyl. 

54. A compound of claim 37, wherein Re is selected from the group 
consisting of amidino, guanidino, cycloimido, heterocycloimido, cycloamido, 
heterocycloanwdo, cyclothioamido and heterocycloloweralkyl. 

55. A compound of claim 37, wherein R6 is aryl. 

56. A compound of claim 37, whorein Re is heteroaryl. 

57- A compound of claim 56, wherein Re is selected from the group 

consisting of substituted or unsubstituted pyridyl, pyrimidinyl, pyrrolindinyl, thiazolyl, 
indolyl, imidazolyl, oxadiazolyl, tetrazolyl^ pyrazinyl, triazolyl, thienyl, friranyl, 
quinolinyl, pyrrolylpyridyl, benzothiazolyl, benzopyridylr benzotriazolyl, and 
benzimidazolyl. 

58. A compound of claim 57, wherein Re is a n[ionoketopiperazinyl 

group having the structure: 
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wherein R15 and R\e are independently selected from the group consisting of 
hydrogen, loweralkyl, loweralkynyl, aryl, heteroaryl, arylloweralkyl, 
loweralkylarylloweralkyU haloloweralkyl, haloarylloworalkyl carbocyclic and - 
5 heterocyclic; or R^g can be taken with another R^g or with R15 to form a carbocyclic, 

heterocyclic or aryl ring; and o is an integer between I and 6. 

59. A compound of claim 58, wherein R15 is loweralkyl. 

60. A compound of claim 59, wherein R15 is selected from the group 
consisting of methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl and t-butyl. 

10 61. A compound of claim 58, wherein R15 is taken with Rj^ to form a 

group having the stmcture: 




62. . A compound of claim 58, wh^ein Ris is taken with Rx5 to form a 

group having the structure: 



15 




63. A compound having the structure: 




wherein: 



BNSDOCIO: <WO 0220495A2_I_> 



wo 02/20495 



-262- 



PCT/USOl/42081 



X is selected from the group consisting of nitrogen, oxygen, and optionally 
substituted carbon; 

Rj, R2, R3 and R4 are independently selected from the group consisting of 
hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, 
cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, allcylamino, alkylcarbonyl, 
arylcarbonyl, araUcylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and 
heteroaryl; 

R5 is selected from the group consisting of hydrogen, halo, and optionally 
substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, alkylamino, aralkylamino, 
heteroaralkylamino, arylamino, heteroarylamino cycloimido, heterocycloimido, amidino, 
cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, heteroaryl, heterobiaryl, 
heterocycloalkyl, and aiylsulfonamido; 

Re is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, 
nitro, amino, anwdo, amidino, imido, cyano, and substituted or unsubstituted loweralkyl, 
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, 
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, 
alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl, 
loweralkoxycarbonyl, anoinocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, 
aminoalkoxy, alkylamino, heteroarylamino, aBcylcarbonylamino, 

alkylaminocarbonylamino, aiylajninocaibonylaniino, aralkylcarbonylamino, 

heteroaralkylcarbonylamino, arylcarbonylamino, heteroaiylcarbonylandno cycloamido, 
cyclothioamido, cycloan[udino, heterocycloami^o, cycloimido, heterocycloimido, 
guanidinyl, aryl, heteroaryl, heterocyclo, heterocycloalkyl, arylsulfonyl and 
arylsulfonamido; 

Rs and R9 are independently selected from the group consisting of hydrogen, 
hydroxy, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, 
imidino, guanidinyl, sulfonamido, carboxyl, formyl, loweralkyl, aminoloweralkyl, 
loweralkylaminoloweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, 
loweralkoxyalkyl, loweralkylaminoloweralkoxy loweralkylcarbonyl, loweraralkylcarbonyl, 
lowerheteroaralkylcarbonyl, alkylthio, aryl and, aralkyl; and 

Rio, Rn, R12, Ri3, and Ru are independently selected from the group consisting of 
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and optionally 
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, halolowwalkyl, haloloweralkoxy, 
aminoalkyl, alkylamino, alkylthio, alkylamino, aralkylamino, heteroaralkylamino, 
arylamino, heteroarylamino aminocarbonyl, loweralkylaminocarbonyl, aminoaralkyl, 
loweralkylaminoalkyl, aryl, heteroaryl, cycloheteroalkyl, aralkyl, and alkylcarbonyloxy. 
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arylcarbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyalkyl, alkylcarbonyloxyalkyl, 
heteroarylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, heteroaralkylcarbonyloxyalkyl; 

Ris is selected from the group consisting of hydrogen, nitro, cyano, amino, alkyl, 
halo, haloloweralkyl, alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and arylsulfonyl; 
5 and the pharmaceutically acceptable salts thereof. 

64. A compound of claim 63 wherein X is nitrogen. 

65. A compound of claim 63 wherehi X is oxygen. 

66. A compound of claim 63, wherein at least one of Kg and R9 is 
selected from the group consisting of nitro, amino, cyano, trifluoromethyl and 

10 loweralkoxy. 

67. A compound of claim 63, wherein at least one of R], R2, R3 and R4 
is substituted loweralkyl selected from the group consisting of hydrogen, unsubstitated 
loweralkyl, haloloweralkyl, heterocycloanunoall^l, and loweralkylaminoloweralkyL 

68. A compound of claim 63, wherein at least one of Ri, R2, R3 and R4 
15 is loweralkylaminoloweralkyL 

69. A comiK)xmd of claim 63, wherein Ri, R2, and Ra are hydrogen and 
R4 is selected from the group consisting of hydrogen, methyl, ethyl, aminoethyl, 
dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazinylethyl and 
moipholinylethyl. 

20 70. A compound of claim 63 wherein Rio, Ru, R13, and R14 are 

hydrogen and R12 is selected from the group consisting of halo, loweralkyl, hydroxy, 
loweralkoxy, halolowerall^l, aminocarbonyl, aUcylaminocarbonyl and cyano. 

71. A compound of claim 63 whorein Ri 1, R13, and R14 are hydrogen and 
Rio and R12 are independently selected from the group consisting of halo, loweralkyl, 

25 hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and qjrano. 

72. A compound of claim 63 wherein Rio is hydrogen or halo, Rn, R13, 
and Ri4 are hydrogen and R12 is heteroaryl. 

73. A compound of claim 63 wherein Rio is hydrogen or halo, Rn, R13, 
and Ri4 are hydrogen and R12 is a heteroc^cloalkyl. 
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74. A compound of claim 63 wherein at least one o^Rio, Rn, R12, R13, 
and Ri4 are halo and the remainder of Rio, Rn, R12, R13, and R14 are hydrogen. 

75. A compound of claim 63 wherein Rio, Rn, R12, R13, and Rh, taken 



together with the phenyl ring of structure IV, form a moiety selected from the group 
consisting of dichlorophenyl, difluorophenyl, trifluoromethylphenyl, chlorofluorophenyl, 
bromochlorophenyl, ethylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyl, 
morpholinophenyl and cyanochlorophenyl. 

76. A compound of claim 63, wherein R5 is substituted alkyl selected 
from the group consisting of aralkyl, hydroxyalkyl, aminoalkyl, aminoaralkyl, 
caibonylaminoalkyl, alkylcarbonylaminoalkyl, arylcarbonylanoinoalkyl, 
aralkylcarbonylaminoalkyl, aminoalkoxyalkyl and arylaminoalkyl. 

77. . A compound of claim 63, wherein Re is substituted amino selected 
from the group consisting of alkylamino, alkylcaibonylamino, alkoxycarbonylamino, 
aiylalkylamino, aiylcarbonylamino, alkylthiocarbonylamino, arylsulfonylamino, 
heteroarylamino alkylcaibonylamino, aiylcarbonylamino, heteroaiylcarbonylamino, 
aralkylcarbonylamino, and heteroaralkylcarbonylamino. 

78. A compound of claim 63, wherein R^ is selected from the group 
consisting of imsubstituted or substitutedaminocarbonyl, alkyloxycmbonyl, 
aryloxycarbonyl, aralkyloxycarbonyl and alkylaminoalkyloxycarbonyl. 

79. A compound of claim 63, wherem Re is selected from the group 
consisting of amidino, guanidino, cycloimido, heterocyclointiido, cycloamido, 
heterocycloamido, cyclothioamido and heteroqrcloloweralkyl. 

80. A compound of claim 63, wherein Re is aryl. 

81. A compound of claim 63, wherein Re is heteroaryl. 

.82. A compound of claim 81, wherein Re is selected from the group 

consisting of substituted or unsubstituted pyridyl, pyrimidinyl, pyrrolindinyl, piperazinyl, 
thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, fiiranyl, 
quinolinyl, pyrrolylpyridyl, benzothiazolyl, benzopyridyl, benzotriazolyl, and 
benzimidazolyl. 
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83. A compound of claim 82, wherein R6 is a monoketopiperazinyl 
group having tiie structure: 

wherein R15 and Rie are independently selected fmm the group consisting of 
5 hydrogen, loweralkyl, loweralkynyl, aryl, heto-oaryl, arylloweralkyl, 
loweralkylarylloweralkyl, haloloweralkyl, haloarylloweralkyl carbocyclic and 
heterocyclic; or Rg can be taken with another Rjs or with R15 to fotm a carbocyclic, 
heterocyclic or aiyl ring; and o is an integer between 1 and 6. 

84. A compound of claim 83, wherein Ris is loweralkyl. 

10 85. A compound of claim 84, wherem R15 is selected iSrom the group 

consisting of methyl, ethyl, n-propyl, isoinropyl, cyclopropyl, n-butyl, isobutyl and t-butyl. 

86. A compound of claim 83, wherein R15 is taken wi& Rjg to form a 

group having the structure: 

15 87. A compound of claim 83, wherein R15 is taken with Rjg to fonn a 

group having the structure: 

88. A composition comprising an amount of a compound of claim 1 

effective to modulate GSK3 activity in a hxmian or animal subject when administered 
20 thereto, together wdth a pharmaceutically acc^table carrier. 
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89. A composition comprising an amount of a compound of claim 37 

effective to modulate GSK3 activity in a h\mian or animal subject when administered 
thereto, together with a pharmaceutically acceptable carrier. 

90; A composition comprising an amount of a compound of claim 63 

effective to modulate GSK3 activity in a hiraian or animal subject when administered 
thereto, together with a pharmaceutically acceptable carrier. 

91 . A method of inhibiting GSK3 activity in a human or animal subject, 
comprising administering to the human or animal subject a composition of claim 88. 

92. A method of inhibiting GSK3 activity in a himian or animal subject, 
comprising administering to the hmnan or animal subject a composition of claim 89. 

93. A method of inhibiting GSK3 activity in a human or animal subject, 
comprising administering to the human or animal subject a composition of claim 90. 

94. A method of treating a cell comprising administering to the cell an 
amount of a compoimd of claim 1 effective to inhibit GSK3 activity in the cell. 

95. A method of treating a cell comprising adnoinistering to the cell an 
amount of a compound of claim 37 effective to inhibit GSK3 activity in the cell. 

96. A method of treating a cell comprising administering to the cell an 
amount of a compound of claim 63 effective to inhibit GSK3 activity in the cell. 

97. A method for treating a GSK3-mediated disorder in a human or 
animal subject, comprising administering to the himian or animal subject an amount of a 
composition of claim 88 effective to inhibit GSK3 activity in the subject 

98. A method of claim 97, wherein the composition is administered by a 
mode of administration selected from the group consisting of oral, subcutaneous, 
transdermal, transmucosal, iontophoretic, intravenous, intrathecal, buccal, sublingual, 
intranasal, and rectal administration. 

99. A method of claim 97, wharein said GSK3-mediated disorder is 
selected from the group consisting of diabetes, Alzheimer's disease, obesity, atiberosclerotic 
cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X, 
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency and cancer. 
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100. A method of claim 99, which further comprises adinimstering to the 
subject one or more additional active agents. 

101. A method of claim 100, wherein the GSK3-mediated disorder is 
diabetes and the additional active agent is selected from the group consisting of insuliTi^ 

5 trogUtazone, rosiglitazone, pioglitazone, glipizide and metformixi. . 

102. A compound of claim 1, 37 or 58 for use as a pharmaceutical. 

103. Use of a compound of claim 1, 37 or 63 in the manufacture of a 
medicament for the treatment of diabetes, Alzheimer's disease and other 
neiirodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential 

10 hypertension, polycystic ovary syndrome, syndrome X, ischemia, traumatic brain injury, 
bipolar disorder or cancer. 
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